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Barriero,  near  Lisbon,  PortugaL 

1860.  Grice,  Frederic  Groom,  Stour  Valley  Works,  Spon  Lane,  Westbromwich. 

1861.  Haden,  William,  Dixon's  Green,  Dudley. 

1861.  Haggle,  Peter,  Hemp  and  Wire  Bope  Works,  Gateshead. 
1864.  Halkett,  John  Craigie,  Cramond  Iron  Works,  Edinburgh. 

1863.  Hall,  Joseph,  Gratz  Iron  Works,  Gratz,  Styria,  Austria. 

1857.  Hall,  William,  Ashted  Varnish  and  Colour  Works,  167  Dartmouth  Street, 

Birmingham. 
1860.  Hamilton,    Gilbert,    Messrs.    James    Watt    and    Co.,    Soho    Foundry, 
Birmingham. 

1858.  Harding,  John,  Beeston  Manor  Iron  Works,  Leeds. 

1859.  Harman,  Henry  William,  Canal  Street  Works,  Manchester. 
1856.  Harrison,  George,  Canada  Works,  Birkenhead. 

1858.  Harrison,  Thomas   Elliot,  1   Westminster   Chambers,  Victoria   Street, 
Westminster,  S.W. 
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1863.  Hartas,  Isaac,  Bosedale  Iron  Mines,  near  Pickering,  Yorksliire. 

1858.  Haswell,  John  A.,  North  Eastern  Bailway,  Looomotiye   Department, 
Ckbteshead. 

1861.  Hawkins,  William  Bailey,  24  Bndge  fiow,  Gannon  Street,  London,  E.G. 

1856.  Hawksley,  Thomas,  30  Great  George  Street,  Westminster,  S.W. 
184>8.  Hawthorn,  Bobert,  Forth  Banks,  Newcastle-on-Tyne. 

1848.  Hawthorn,  William,  Forth  Banks,  Newcastle-on-Tyne. 

1862.  Haynes,  Thomas  John,  Galp  Fonndry,  North  Front,  Gibraltar. 
1860.  Head,  John,  Messrs.  Bonsomes  and  Sims,  Orwell  Works,  Ipswich. 
1858.  Head,  Thomas  Howard,  Teesdale  Iron  Works,  Stockton-on-Tees. 
1853.  Headly,  James  Ind,  Eagle  Works,  Gambridge. 

1857.  Healey,  Edward  Gharles,  163  Strand,  London,  W.G. 

1862.  Heath,  William  J.  W.,  Assistant  Engineer,  Geylon  Bailway,  Golombo, 

Geylon :  (or  care  of  John  J.  Heath,  105  Vyse  Street,  Birmingham.) 

1864.  Heathfield,    Bichard,    Lion    Gralvanising    Works,    Birmingham    Heath, 

Birmingham. 
1860.  Heaton,  George,  Boyal  Gopper  Mint,  Icknield  Street  East,  Birmingham. 

1858.  Hedley,  John,  4  High  Swinbnm  Place,  Newcastle-on-Tyne. 

1864.  Hetherington,  William  Isaac,  Vnlcan  Works,  Pollard  Street,  Manchester. 
1864.  Hide,  Thomas  G.,  46  Fenchuroh  Street,  London,  E.G. 

1863.  Hind,  Boger,  Scotland  Bank  Iron  Works,  Warrington. 

1862.  Hingley,  Samuel,  Hart's  Hill  Iron  Works,  near  Brierley  Hill. 
1858.  Hodgson,  Bobert,  North  Eastern  Bailway,  Newcastle-on-Tyne. 
1852.  Holcroft,  James,  Shut  End,  Brierley  Hill. 

1863.  Holt,  Frank,  Grorton  Foundry,  Manchester. 

1848.  Homersham,  Samuel  GoUett,  19  Buckingham  Street,  Adelphi,  London,  W.G. 

1860.  Hopkins,  James  Innes,  Tees  Side  Iron  Works,  Middlesbrough. 

1856.  Hopkinson,  John,  London  Boad  Iron  Works,  Manchester. 

1858.  Hopper,  G^rge,  Houghton-le-Spring  Iron  Works,  near  Fence  Houses. 

1858.  Horsley,  William,  Jun.,  Whitehill  Point  Iron  Works,  Percsy  Main,  near 

Newcastle-on-Tyne. 
1851.  Horton,  Joshua,  MtnB,  Works,  Smethwick,  near  Birmingham. 
1858.  Hosking,  John,  Gateshead  Iron  Works,  Gateshead. 

1864.  Howard,  Eliot,  84  Upper  Whitecross  Street,  London,  E.G. 
1860.  Howard,  James,  Britannia  Iron  Works,  Bedford. 

1860.  Howe,  William,  Glay  Gross  Goal  and  Iron  Works,  near  Ghesterfield. 

1861.  Howell,  Joseph  Bennett,  Hartford  Steel  Works,  Sheffield. 

1862.  Huber,  Peter  Emile,  Yogelhutte,  Zurich,  Switzerland. 
1864.  Hulse,  William  Wilson,  The  Grove,  Withington,  Manchester. 
1847.  Humphrys,  Edward,  Deptford  Pier,  London,  S.E. 

.1859.  Hunt,  James  P.,  Comgreaves  Iron  Works,  Gomgreaves,  near  Birmingham. 
1856.  Hunt,  Thomas,  Tudela  and  Bilbao  Bailway,  Bilbao,  Spain:  (or  3  Stanley 
Place,  Preston.) 
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1864.  Hntohinson,  Bdward,  Skeme  Iron  Works,  Darlington. 

1868.  Hutton,  Walter  Stoart,  Prospect  Works,  Hnnslet  Lane,  Leeds. 

1857.  Inshaw,  John,  Engine  Worksi  Maryille  Street,  Birmingham. 

1859.  Jackson,  Matthew  Morray,  Messrs.  Bscher  Wyss  and  Co.,  Bngine  Works, 

Zurich,  Switzerland. 
1847.  Jackson,  Peter  Bothwell,  Sallbrd  Boiling  Mills,  Manchester. 
1861.  Jackson,  Bohert,  .^Btna  Steel  Works,  Shefdeld. 

1860.  Jackson,  Samuel,  Cydi^s  Steel  and  Iron  Works,  Sheffield. 

1858.  Jafifrey,  George  T^^lliam,  Hartlepool  Iron  Works,  Hartlepool. 

1856.  James,  Jabez,  28a  Broadwall,  Stamford  Street,  Lamheth,  London,  8. 
1855.  Jeffcook,  Parkin,  Mining  Engineer,  Midland  Boad,  Derby. 

1861.  Jefifoock,  Thomas  William,  Mining  Engineer,  18  Bank  Street,  Sheffield. 
1868.  Jeffi^eys,  Edward  A.,  Low  Moor  Iron  WotIcs,  near  Bradford,  Yorkshire. 

1857.  Jenkins,  William,  Locomotive  Superintendent,  Lancashire  and  Yorkshire 

Bailway,  Miles  Flatting,  Manchester. 
1861.  Jessop,  Sydney,  Park  Steel  Works,  Sheffield. 
1861.  Jessop,  Thomas,  Park  Steel  Works,  Sheffield. 
1854.  Jobson,  John,  Derwent  Fonndzy,  Derby. 
1863.  Johnson,  Bryan,  Flookersbrook  Foundry,  Chester. 
1847.  Johnson,    James,    North     StafiEbrdshire     Bailway,    Engineer's    Office, 

Stoke-upon-Trent. 
1861.  Johnson,  Samnel  Waite,   LooomotiTe    Superintendent,  Edinburgh   and 

Glasgow  Bailway,  Cowlairs,  Glasgow. 
1861.  Jones,  Alfred,  Ettingshall  Iron  Works,  Bilston. 
1861.  Jones,  David,    Engineer,    Bumney   Bailway,    Maohen,  near   Newport, 

Monmouthshire. 
1847.  Jcmes,  Edward,  Old  Park  Iron  W(Mrks,  Wednesbury. 
1857.  Jones,  John  Hodgson,  26  Great  George  Street,  Westminster,  S.W. 
1853.  Joy,  David,  Cleveland  Engine  Works,  Middlesbrough. 

1857.  Kay,  James  Clarkson,  Phoenix  Foundry,  Bury,  Lancashire. 

1857.  Kendall,  William,  Locomotive  Superintendent,  Blyth  and  Tyne  Bailway, 

Percy  Main,  near  Newoastle-on-Tpie. 
1863.  Kemian,  James,  Agricultural  Implement  "WarkB,  19  I^shamble  Street, 

Dublin. 
1847.  E^ennedy,  James,  Cressingtcm  Park,  Aigburth,  Liverpool. 
1857.  Kennedy,  Lt.-Colon^  John  Pitt,  Enghieer,  Bombay  Baroda  and  Central 

Indian  Bailway;  10  Liverpool  Siareet,  New  Broad  Street,  London,  E.G. 
1868.  Kennedy,  John  Pitt,  Bombay  Baroda  and  Central  Indian  Bailway; 

10  Liverpool  Street,  New  Broad  Slveet,  London,  E.C. 
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1848.  Eirkham,  John,  109  Suston  Boad,  London,  N.W. 

1847.  Kirtley,  Matthew,  Locomotive  Superintendent,  Midland  Bailway,  Derby.  - 
1864.  Kirtley,  William,  Midland  Bailway,  Locomotive  Departm^t,  Derby. 
1859.  Kitson,  Frederick  William,  Monkbridge  Lron  Wcn-ks,  Leeds. 

1848.  Kitson,  James,  Airedale  Fonndry,  Leeds. 

1859.  Kitson,  James,  Jmi.,  Monkbridge  Lron  Works,  Leeds. 
1863.  Knight,  Thomas,  130  Bradford  Street,  Birmingham. 

1862.  Knott,  Joseph,  Pennington  Ootton  Mill,  Leigh,  near  Manohester. 

1863.  Lancaster,  John,  Kirkless  Hall  Goal  and  Lx>n  Works,  near  Wigaii. 
1863.  Latham,  ilmest,  28  Clarence  Sqnare,  Gosport. 

1860.  Law,  David,  Phoenix  Lfon  Works,  Glasgow. 

1857.  Laybonm,  John,  Isoa  Fomidry,  Newport,  Monmonthshir?. 

1856.  Laybonm,  fiichard,  Locomotive  Superintendent,  MonmonthshirQ  Bailway 

and  Oanal  Company,  Newport,  Monmonthshire. 
1860.  Lea,  Henry,  83  Waterloo  Street,  Birmingham. 

1862.  Lee,  J.  C.  Frank,  30  Fariiament  Street,  Westminster,  S.W. 
1860.  Lee,  John,  Midland  Bailway,  Locomotive  Department,  Derby. 

1863.  Lees,  Samnel,  Jnn.,  Park  Bridge  Iron  Works,  Ashton-nnder-Lyne. 

1863.  Leigh,  Evan,  Miles  Flatting,  Manchester. 

1858,  Leslie,  Andrew,  lion  Ship  Bnilding  Yard,  Hebbnm  Quay,  Gateshead. 

1856.  Levick,  Frederick,  Cwm-Celyn  Blaina  and  Coalbrook  Vale  Iron  Works, 

near  Newport,  Monmonthshire. 
1860.  Lewis,  Thomas  William,  Plymouth  Iron  Works,  Merthyr  TydviL 

1864.  Lindsley,  George,  Great    Western    Bailway,   Locomotive    Dq)artment, 

Paddington,  London,  W. 
1866.  Linn,  Alerander  Grainger,  2  Queen  Square  Place,  Westminster,  S.W. 

1857.  Little,  Charles,  Staveley  Coal  and  Iron  Works,  Staveley,  near  Chesterfield. 

1863.  Lloyd,  Edward  B.,  Albion  Tube  Works,  Nile  Street,  Birmingham. 

1862.  Lloyd,    John,    LiUeshaU    Iron   Works,    Qekengates,   near   Wellington, 

Shropshire. 
1847.  Lloyd,  Sampson,  Old  Park  Iron  Works,  Wednesbury. 

1864.  Uoyd,  Sampsoii  Zachary,  Old  Park  Iron  Works,  Wednesbury. 
1852.  Lloyd,  Samuel,  Old  Pttrk  Iron  Works,  Wednesbury. 

1862.  Lloyd,  Wilson,  Old  Park  Iron  Works,  Wednesbury. 

1863.  Loam,  Matthew  Hill,  Engineer,  Gaa  and  Water  Works,  Notting^iam. 
18$6.  Longridge,  Hobert  Bewick,  Steam  Boiler  Assurance  Company,  67  Kiafr 

Street  J  Manchester. 
.iaS9.  Icffd,  Thomas  Wilks,  2a  Alfred  Street,  Boar  LauQ,  L^eds. 
51,  liOw^  GeorgGj  Millgate  Iron  Works^  Nework, 
£4  I^de,  James  Qaaooigne,  Town  Hallj  M&nche»t6r. 
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1864.  Macfarlane,  Walter,  Saracen  Fonndrj,  Glasgow. 

1856.  Haokay,  John,  Honnt  Hermon,  Drogheda. 

1864.  Haonab,  Archibald  Francis,  Fazelej  Street  Wire  HillB,  Birmingham. 

1859.  Manning,  John,  Boyne  Engine  Works,  Hnnslet,  Leeds. 

1862.  Hansen,    Biohard    Christopher,    South    Eastern    Bailwaj,    Carriage 

Department,  Ashford. 
1862.  Happin,  Frederick  Thorpe,  Sheaf  Works,  Sheffield. 

1857.  March,  G^rge,  Union  Fonndiy,  Leeds. 

1856.  Markhani,   Charles,    Stavelej   Coal   and   Lxm  Works,   Staveley,   near 

Chesterfield. 
1848.  Marshall,  Edwin,  Britannia  Carriage  Works,  Birmingham. 
1862.  Marshall,  James,  Banker  Hill,  Fence  Houses. 
1859.  Marshall,  William  Ebenezer,  Snn  Foundry,  Leeds. 

1847.  Marshall,  William  Prime,  81  Kewhall  Street,  Birmingham. 

1859.  Marten,  Edward  Bindon,  Engineer,  Stoorbridge  Water  Wcnks,  18  High 
Street,  Stourbridge. 

1853.  Marten,  Henry,  Parkfield  Lron  Works,  near  Wolverhampton. 

1857.  Martindale,  Capt.  Ben  Hay,  B.E.,  War  Office,  Pall  Mall,  London,  S.W. 

1854.  Martinean,  Francis  Edgar,  Globe  Works,  Cliyeland  Street,  Birmingham. 
1864.  Martley,  William,  Locomotive    Superintendent,  London  Chatham   and 

Dover  Bailway,  Longhedge  Works,  Wandsworth  Boad,  London,  S. 
1857.  MasseUn,  Armand,  16  Bue  Dauphine,  Paris. 
1853.  Mathews,  William,  Corbyn's  Hall  Iron  Works,  near  Dudley. 

1848.  Matthew,    John,    Messrs.    John    Penn    and   Co.,    Marine    Engineers, 

<3reenwich,  S.E. 
1847.  Matthews,  William  Anthony,  Sheaf  Works,  Sheffield. 
1864.  Maudslay,  Thomas  Henry,  Cheltenham  Place,  Lambeth,  London,  S. 

1861.  May,  Bobert  Charles,  3  Great  George  Street,  Westminster,  S.W. 

1857.  May,  Walter,  Suffolk  Works,  Berkley  Street,  Birmingham. 

1859.  Maylor,  William,  East  Indian  Iron  Company,  Beypoor,  India :  (ot  care  of 

E.  J.  Burgess,  Abchurch  Chambers,  Abchurch  Yard,  London,  E.C.) 
1847.  McClean,  John  Bobinson,  23  Great  G^rge  Street,  Westminster,  S.W. 
1864.  McEwen,  Lawrence  Thomson,  Ormesby  Iron  Works,  Middlesbrough. 

1860.  McKenzie,  James,  Well  House  Foundry,  Leeds. 
1859.  McEenzie,  John,  Worcester  Engine  Works,  Worcester. 

1862.  McPherson,  Hugh,  Engineer,  Gloucester  Gas  Works,  Gloucester. 

1863.  Meek,  Sturges,  Besident  Engineer,  Lancashire  and  Yoriishire  Railway, 

Manchester. 

1858.  Meik,  Thomas,  Engineer  to  the  Biver  Wear  Commissioners,  Sunderland. 
1857.  Menelaus,  William,  Dowlais  Iron  Works,  Merthyr  Tydvil. 

1857.  Metford,  William  EUis,  Flock  House,  Taunton. 

1847.  Middleton,  William,  Yulcan  Iron  Foxmdry,  Summer  Lane,  Birmingham. 
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2.  Miers,    Franois   C,  Stoneleigh   Lodge,    Qroye   Boad,  Olapliam   Park, 
London,  S. 
1864.  Miers,  John  William,  74  Addison  Boad,  Kensington,  London,  W. 
1853.  Miller,  G^rge  Hackay,  Great  Sonthem  and  Western  Bailwaj,  Dublin.     ^ 

1862.  Millward,  John,  Union  Chambers,  High  Street,  Stourbridge. 

1866,  Mitchell,  Charles, Lron  Ship  Bmlding Yard,LowWalker,Newca8tle-on-Tyne.. 

1858.  Hitohell,  James,  3  Church  Terrace,  Higher  Tranmere,  Birkenhead. 
1861.  Mitchell,  Joseph,  Worsbrough  Dale  Colliery,  near  Bamsfey. 

1859.  Moor,  William,  Engineer,  Hetton  Colliery,  Hetton,  near  Fence  Houses. 
1864  Moore,    Sampson,   North    Foundry,  WiBiams    Street,    Clarenoe   Dock, 

Liyerpool. 
1864i.  Morgan,    Joshua     Llewelyn,    Woodside,.    Cwmbran^    near     Newport, 
Monmouthshire. 

1849.  Morrison,  Bobert,  Ousebum  Engine  Works,  Newcastle-on-Tyne. 

1858.  Mountain,  Charles  George,  Suffolk  Works,  Berkley  Street,  Birmingham. 

1863.  Muir,  William,  Britannia  Works,  Manchester. 

1857.  Muntz,  George  Frederick,  French  Walls,  near  Birminghamw 

1859.  Murphy,  James,  Bailway  Works,  Newport,  Monmouthshire.- 

1858.  Murray,  Thomas  H.,  Engine  Works,  Chester-le- Street,  near  J*ence  Housesw 
1863.  Musgraye,  John,  Jun.,  Globe  Iron  Works,  Bolton^ 

1848.  Nailer,  John,  Vulcan  Foundry,  Glasgow* 

1861.  Naylor,  John  William,  Wellington  Foundry,  Leeds; 

1858.  Naylor,  William,  Great  Indian  Peninsula  Bailway,  3  New  Broad  Street, 
London,  E.C. 

1863.  Neilson,  Walter  Montgomerie,  Hyde  Park  Looomotiye  Works,  Glasgow. 

1860.  Nettlefi^d,  Joseph  Henry,  Screw  Works^  Bvoad  Street,  Birmingham. 
1856.  Newall,  James,  East  Lancashire  Bailway,  Carriage  Department,  Bury, 

Lancashire. 

1862.  Newton,  William  Edward,  66  Chancery  Lane,  London,  W.C. 

1858.  Nichol,  Peter  Dale,  Looomotiye  Superintendent,  East  Indian  Bailway, 

Allahabad,     India :     (or     care     of     Anthony    Nichol,    22    Quay, 
Newcastle-on-Tyne.) 

1850.  Noiris,  Bichard  Stuart,  272  Upper  Parliament  Street,  Liyerpool. 

1864.  Ommanney,  Frederick  Francis,  New  Bridge  Foundry,  Adelphi  Street, 

Salford,  Manchester. 
1847.  Owen,  William,  Phoenix  Works,  Botherham. 

1859.  Paquin,  Jean  Francois,  Looomotiye  Superintendent,  Madrid  Saragossa  and 

Alicante  Bailways,  Madrid,  Spain. 

1860.  Parkin,  John,  Haryest  Lane  Steel  Works,  Sheffield. 
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1S47.  Poaoook,  EiiOiard,  MeBSw.  Beyer  FMoook  and  Co.,  Gortoft  Woaadry, 

Manchester. 
1848.  Pearson,  John,  1  Kanohester  Bondings,  7  Old  Hall  Street,  Idvnpool. 

1859.  Peet,  Henry,  London  and  North  Western  Bailway,  LocomotiTe  Department, 

Wolverton. 

1861.  Perkins,  Loftns,  8  Oberhafenstraase,  Hamburg:  (or  care  of  A.  M.  F^kins, 

6  Francis  Street,  Regent's  Square,  London,  W.O.) 
1866.  Perring,  John  Shae,  104  King  Street,  Manchester. 

1863.  Peny,  Thomas  J.,  Highfields  Engine  Works,  Bilston. 

1860.  Peyton,  Edward,  Bordesley  Works,  Birmingham. 

1856.  Piggott,  George,  Biimingham  Heath  Boiler  Works,  Birmingham. 

1854.  Pilkington,  Eichard,  Jun.,  10  Gobnrg  Place,  Upper   Kennington  Lane, 

London,  S* 
1859.  Pitts,  Joseph,  Old  Foundry,  Stanningley,  near  Leeds. 

1859.  Piatt,  John,  Hartford  Iron  Works,  Oldham. 

1862.  Player,  John,  Norton,  near  Stockton-on-Tees. 

1861.  Plum,  Thomas  William,  8  East  India  Ayenue,  London,  E.G. 
1856.  Pollard,  John,  Midland  Junction  Foundiy,  Leeds. 

1860.  Ponsonby,  Edward  Vincent,  Engineer,  Great  Western  Bailway,  Woroetter. 
1852.  Porter,  John  Henderson,  Ebro  Works,  Tividale,  near  Tipton. 

1861.  Porter,  Bobert,  Ebro  Works,  Tividale,  near  Tipton. 

1864.  Potts,  Benjamin  Langford  Foster,  150  Gamberwell  Grove,  London,  8. 
1851.  Potts,  John  Thorpe,  150  Gamberwell  Grove,  London,  S. 

18^.  Preston,  Frauds,.  Ancoats  Bridge  Works,  Ardwick,  Manchester. 

1862.  Bake,  Alfred  Stansfield,  Boyal  Victoria  Dockyard,  Passage  West,  near  Gork. 
1864.  Bamage,  Bobert,  Locomotive  Superintendent,  Midland  Great  Western 

Bailway,  Dublin. 
1847.  Bamsbottom,    John,    Locomotive    Superintendent,   London    and    North 

Western  Bailway,  Crewe. 
1860.  Bansome,  Allen,  Jun.,  Messrs.  Worssam  and  Co.,  King's  Bead,  Chelsea, 

London,  S.W. 
1862.  Bansome,  Bobert  James,  Orwell  Works,  Ipswich. 
1862.  Bavenhill,  John  B.,  Glass  House  Fields,  Batdiff,  London,  B. 
1859.  Bennie,  George  Banks,  89  Wilton  Crescent,  Belgrave  Square,  London,  S.W. 

1862.  Beynolds,  Edward,  Don  Steel  Works,  Sheffield. 

1863.  Bichards,  Edwin,  Nantyglo  Iron  Works,  near  Newport,  Monmouthshire. 
1856.  Bichards,  Josiah,  Abersychan  Iron  Works,  Pontypool. 

1863.  Bichardson,  Edward,  Engineer,  Lyttelton,  New  Zealand. 

1858.  Bidiardson,  Thomas,  Hartlepool  Iron  Works,  Hartlepool. 

1859.  Bichardson,  William,  Hartford  Iron  Wcn-ks,  Oldham. 
1868.  Bigby,  Samuel,  Cock  Hedge  Mill,  Warrington. 
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1848.  Bobertaon,  Heniy,  Greftt  Western  Bailway,  Shrewsbniy. 

1869.  Bobinson,  John,  Hessra.  Sharp  Stewart  and  Co.,  Atlas  Works,  Mandiester. 

1853.  Bonayne,  Joseph  P.,  4  Harbour  Hill,  QneenstoYm. 

1856.  Bouse,  Erederiok,  Great  Nortbem  Bailwaj,   LocomotiTe    Department^ 

j^eecis. 

1857.  Boutledge,    William,  Kew    Bridge    Foundry,  Adelphi    Street,  SaUord, 

Manchester. 

1860.  Bnmble,  Thomas  William,  6  Broad  Street  Buildings,  Kew  Broad  Street, 

London,  E.G. 

1847.  Bussell,  John  Scott,  20  Great  George  Street,  Westminster,  S.W. 

1863.  Byder,  William,  Bark  Street,  Bolton. 

1859.  Sacre,  Charles,  Locomotive  Superintendent,  Manchester  Sheffield  and 
Lincolnshire  Bailway,  Gk>rton,  near  Manchester. 

1864.  Said,  Colonel  M.,  Bey,  Ottoman  Embassy,  Bryanston  Square,  London,  W* 

1859.  Salt,  George,  Saltaire,  near  Bradford,  Yorkshire. 

1864.  Samuda,  Joseph  D' Agnilar,  Iron  Ship  Building  Yard,  Isle  of  Doga,  Poplar, 
London,  E. 
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28  January,  1864 


The  Seventeenth  Annual  General  Meeting  of  tlie  Members  was 
held  at  the  house  of  the  Institutioii,  Newhall  Street,  Birminghain, 
on  Thursday,  28th  Januaiy,  1864 ;  Egbert  Napier,  Esq.,  President, 
in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and  confirmed. 

The  Secretary  then  read  the  following 

ANNUAL  REPOBT  OP  THE  COUNCIL. 

1864. 

The  Council  have  great  pleasure,  on  this  the  Seventeenth 
Anniversary  of  the  Listitution,  in  congratulating  the  Members  on 
the  very  satisfiwjtory  progress  and  prosperous  condition  of  the 
Institution. 

The  Pinancial  statement  of  the  affairs  of  the  Institution  for  the 
year  ending  31st  December,  1863,  shows  a  balance  in  the  Treasurer's 
hands  of  £2365  15s.  lOd.  after  the  payment  of  the  accounts  due  to 
that  date.  The  Finance  Committee  have  examined  and  checked 
the  receipts  and  payments  of  the  Institution  for  the  last  year  1863, 
and  report  that  the  following  balance  sheet  rendered  by  the  Treasurer 
is  correct.     (See  Balcmce  Sheet  appended.) 

The  Council  report  with  great  satisfaction  the  continued  increase 
in  the  number  of  Members  that  has  taken  place  during  the  past 
year ;  the  total  number  of  Members  of  all  classes  for  the  year  being 
540,  of  whom  24  are  Honorary  Members,  and  3  are  Graduates, 
being  an  efiective  increase  of  43  during  the  year. 


2  ANNUAL  BEPOET. 

The  following  deceases  of  Members  of  the  Institution  liave 
occiirred  during  the  past  year  1863 : — 

William  Bagnall,        ....  Westbromwich. 

Alexander  Brodie  Cocheane,         .  Dudley. 

John  Faembe, Dudley. 

James  Fenton, Low  Moor. 

Joshua  Field, London. 

Benjamin  Gibbons,  Jun.,         .        .  Birmingham. 

Benjamin  Goodfellow,        -.        .        .  Hyde. 

William  Watson  Hewitson,    .       .  Leeds. 

The  Council  have  particular  pleasure  in  acknowledging  the 
receipt  of  the  handsome  donation  of  Fifty  pounds  to  the  ftmds  of 
the  Institution  from  the  President;  and  also  in  expressing  their 
thanks  to  the  Donors  of  the  valuable  and  acceptable  additions  that 
have  been  presented  to  the  Library  during  the  past  year.  The 
Council  wish  to  urge  on  the  attention  of  the  Members  the  important 
advantage  of  obtaining  a  good  collection  of  Engineering  Books, 
Drawings,  and  Models  in  the  Institution,  for  the  purpose  of  reference 
by  the  Members  personally  or  by  correspondence ;  and  they  trust 
this  desirable  object  will  be  promoted  by  the  Members  generally, 
so  that  by  their  united  aid  it  may  be  efficiently  accomplished. 
Members  are  requested  to  present  copies  of  their  works  to  the 
Library  of  the  Institution. 

LIST  OF  DONATIONS  TO  THE  LIBRAEY. 

Drawing  of  the  Engines  of  the  Frigate  "  Hector,"  by  Bobert  Napier  and  Sons; 

fipom  the  President. 
Official  lUnstrated  Catalogue  of  the  International  Exhibition  of  1862 ;  from  the 

Commissioners. 
Mills  and  MiUwork,  by  William  Fairbaim ;  from  the  author. 
Beport  on  the  Suez  Canal,  by  John  Hawkshaw ;  frt)m  the  author. 
On  the  Boiling  of  Ships,  hj  William  Froude ;  from  the  author. 
On  the  Change  of  Form  of  Wrought  Iron  in  Heating  and  Cooling,  by  Lt.-CoL 

Clerk,  fi.  A. ;  fix)m  the  author. 
On  the  Density  of  Steam,  hj  William  Fairbaim  j  fit)m  the  author. 
On  the  Expansion  of  Superheated  Steam,  hj  William  Fairbaim ;  from  the  author. 
On  the  Construction  of  Marine  Steam  Boilers,  by  Charles  Wye  Williams ;  from 

the  author. 
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On  a  new  tlieoiy  of  the  Generation  of  Steam,  by  E.  J.  Eeed  j  from  Mr.  C.  Wye 

Williams. 
Proceedings  of  tlie  Institution  of  Civil  Engineers  i  from  the  Institution. 
Eeport  of  the  British  Association  for  the  Advancement  of  Science  j  from  the 

Association. 
Proceedings  of  the  Boyal  Institution  of  Great  Britain  j  fi^m  the  Institution. 
Proceedings  of  the  French  Institution  of  Civil  Engineers  j  from  the  Institution. 
Journal  of  the  Architect  and  Engineer's  Society  for  the  kingdom  of  Hannover ; 

from  the  Society. 
Journal  of  the  Board. of  Arts  and  Manufactures  for  Upper  Canada;  from  the 

Board. 
Beport  of  the  United  States  Patent  Office ;  from  the  Commissioners. 
Journal  of  the  Boyal  United  Service  Institution  j  fi^m  the  Institution. 
Transactions  of  the  Institution  of  Engineers  in  Scotland ;  frx>m  the  Institution. 
Proceedings  of  the  South  Wales  Institute  of  Engineers  j  from  the  Institute. 
Report  of  the  Manchester  Association  for  the  Prevention  of    Steam  Boiler 

Explosions ;  frt)m  the  Association. 
Transactions  of  the  Boyal  Scottish  Society  of  Arts ;  from  the  Society. 
Beport  of  the  Boyal  Cornwall  Polytechnic  Society  j  from  the  Society. 
Journal  of  the  Society  of  Arts  j  from  the  Society. 
The  Engineer ;  from  the  Editor. 
The  Mechanics'  Magazine ;  from  the  Editor. 
The  Civil  Engineer  and  Architect's  Journal ;  from  the  Editor. 
The  London  Journal  of  Arts  j  from  the  Editor. 
The  Artizan  Journal  j  from  the  Editor, 
The  Practical  Mechanic's  Journal;  frx>m  the  Editor. 
The  Mining  Journal ;  from  the  Editor. 
The  BaHway  Becord  j  fivm  the  Editor. 
The  Steam  Shipping  Journal ;  frx>m  the  Editor. 

Photograph  of  Locomotive  for  Swedish  Bailway ;  from  Mr.  John  Manning. 
Specimens  of  Malleable  Cast  Iron ;  frx)m  the  President. 

The  Council  have  great  satisfaction  in  referring  to  the  number 
of  Papers  that  have  been  brought  before  the  meetings  during  the 
past  year,  and  the  practical  value  and  interest  of  many  of  the 
communications  and  the  discussions  that  took  place  upon  them, 
which  form  a  valuable  addition  to  the  Proceedings  of  the  Institution. 
The  Council  request  the  special  attention  of  the  Members  to  the 
importance  of  their  aid  and  co-operation  in  carrying  out  the  objects 
of  the  Institution  and  maintaining  its  advanced  position,  by 
contributing  papers  on  Engineering  subjects  that  have  come  under 
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their  observation,  and  commnnicating  the  particalars  and  results  of 
executed  works  and  practical  expenments  that  may  be  serviceable 
and  interesting  to  the  Members ;  and  they  invite  communications 
npon  the  subjects  in  the  list  appended,  and  other  subjects 
advantageous  to  the  Institution. 

The  following  Papers  have  been  read  at  the  meetings  during  the 
last  year : — 

On  the  Apparatns  used  for  Sinking  Piers  for  iron  railway  bridges  in  India ;  by 

Mr.  Joseph  F.  Strong,  of  Allahabad. 
On  a  Type  Composing  and  Distributing  Machine ;  by  Mr.  William  H.  Mitchel,  of 

London. 
On  the  Construction  of  Drawing  Boilers  for  Spinning  Machineiy ;  by  Mr.  William 

Weild,  of  Manchester. 
On  the  Locomotive  Engines  in  the  Litemational  Exhibition  of  1862;  by  Mr. 

Daniel  K.  Clark,  of  London. 
On  the  Construction  of  Iron  Ships ;  by  Mr.  John  Vernon,  of  Liverpool. 
On  the  Effects  of  Surface  Condensers  on  Steam  Boilers ;  by  Mr.  James  Jack,  of 

Liverpool. 
On  the  Mechanical  Features  of  the  Liverpool  Water  Works;  by  Mr.  Thomas 

Duncan,  of  Liverpool. 
On  the  Mechanical  Ventilation  and  Warming  of  St.  George's  Hall,  Liverpool ;  by 

Mr.  William  Mackenzie,  of  Liverpool. 
On  Machinery  for  the  Manufacture  of  Plate  Glass ;  by  Mr.  George  H.  Daglish,  of 

St.  Helen's. 
Description  of  the  new  Jion  Works  at  Qrosmont ;  by  Mr.  Hiram  C.  Goulthard, 

of  Blackburn. 
Description  of  the  Cornish  Pumping  Engine  with  Wrought  Lx)n  Beam  and  the 

Pit  Work  at  Clay  Cross  Colliery ;  by  Mr.  William  Howe,  of  Clay  Cross. 
On  the  Processes  and  Mechanical  appliances  in  the  manufacture  of  Polished 

Sheet  Glass ;  by  Mr.  Richard  PiUdngton,  Jun.,  of  St.  Helen's. 

The  Council  have  much  pleasure  in  referring  to  the  great  success 
and  interest  of  the  Annual  Provincial  Meeting  of  the  Institution 
held  in  Liverpool  last  summer,  and  in  expressing  their  special 
thanks  to  the  Local  Committee  and  the  Honorary  Local  Secretary, 
Mr.  Wilham  Stubbs,  for  the  excellent  reception  that  was  given  to 
the  Members  of  the  Listitution  on  that  occasion ;  and  also  to  the 
authorities  of  the  London  and  North  Western  Railway  Company  for 
the  free  special  train  for  the  excursions,  and  the  Cunard  Company 


ANNUAL  REPORT.  5 

for  the  free  special  steamer  for  visiting  the  docks  and  other  works  ' 
on  the  river;  and  to  the  proprietors  of  the  works  that  were  so 
Kberally  thrown  open  to  the  inspection  of  the  Members,  for  the 
valuable  opportunity  afforded  to  the  Members  for  seeing  their 
works,  and  for  so  hospitably  entertaining  the  Members  on  the 
occasion.  The  Council  look  forward  with  much  confidence  to  the 
important  advantages  arising  from  the  continuance  of  these  Meetings 
in  different  parts  of  the  country,  from  the  fiicilities  afforded  by  th^m 
for  the  personal  communication  of  the  Members  in  different  districts 
of  the  country,  and  the  opportunities  of  visiting  the  important 
Engineering  Works  that  are  so  liberally  thrown  open  to  their 
inspection  on  those  occasions. 

The  President,  Vice-Presidents,  and  five  of  the  'Members  of  the 
Council  in  rotation,  will  go  out  of  office  this  day,  according  to  the 
rules  of  the  Institution ;  and  the  ballot  will  be  taken  at  the  present 
annual  meeting  for  the  election  of  the  Officers  and  Council  for  the 
ensuing  year. 
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Steam  Engine  Boilebs,  particulars  of  construction — ^form  and  extent  of  heating 
snrface — relative  value  of  radiant  surface  in  effect  and  economy — cost — 
consumption  of  fuel — evaporation  of  water — ^pressure  of  steam — density  and 
heat  of  steam — superheated  steam,  simple  or  mixed  with  common  steam — 
pressure  gauges — safety  valves — ^water  gauges — explosion  of  boilers,  and 
means  of  prevention — effects  of  heat  on  the  metal  of  boilers,  low  pressure 
and  high  pressure — steel  boilers — cast  iron  boilers — incrustation  of  boilers, 
and  means  of  prevention — effects  of  surface  condensers  on  the  metal  of 
boilers — evaporative  power  and  economy  of  different  kinds  of  fuel,  coal, 
wood,  charcoal,  peat,  patent  coal,  and  coke — ^moveable  grates,  and  smoke- 
consuming  apparatus,  facts  to  show  the  best  plan,  and  results  of  working — 
plans  for  heating  feed  water — ^mode  of  feeding — circulation  of  water. 

Steam  Engines — expansive  force  of  steam,  and  best  means  of  using  it — ^power 
obtained  by  various  plans — comparison  of  double  and  single  cylinder 
engines — combined  engines — compound  cylinder  engines — comparative 
advantages  of  direct-acting  and  beam  engines — engines  for  manufacturing 
purposes — ^horizontal    and    vertical — condensing    and    non-condensing — 
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injection  and  emrfaoe  condensers — air  pmnps — governors — ^ralyes — ^bearings, 
&c. — ^improved  expansion  gear — ^indicator  diagrams  from  engines,  with 
details  of  nsefhl  e£fect,  consnmption  of  fuel,  &o, — contributions  of  indicator 
diagrams  for  reference  in  the  Institution. 

Pumping  Engines,  particulars  of  various  constructions — Oomisli  engines,  beam 
engines  with  crank  and  flywheel,  direct-acting  engines  with  and  without 
flywheel — size  of  steam  cylinder  and  degree  of  expansion — ^number  and  size 
of  pumps,  and  strokes  per  minute — speed  of  piston — ^pressure  upon  pump — 
efieotive  horse  power  and  duty — comparison  of  double-acting  and  single- 
acting  pumping  engines — construction  of  pumps — ^plunger  pumps — ^bucket 
pumps — ^particular  details  of  different  valves — india-rubber  valves,  durability 
and  results  of  working — diagrams  of  lift  of  valves — application  of  pumps — 
fen-draining  engines — comparative  advantages  of  scoop  wheels  and  centri- 
fugal pumps,  lifting  trough,  Ac. — details  of  pit  work  of  pumping  engines  at 
mines. 

Blast  Engines,  best  kind  of  engine — size  of  steam  cylinder,  strokes  per  minute, 
and  horse  power— details  of  boilers — size  of  blowing  cylinder,  and  strokes  i)er 
minute — ^pressure  of  blast,  and  means  of  regulation — construction  of  valves 
— ^improvements  in  blast  cylinders — rotary  blowing  machines — ^indicator 
diagrams  from  air  main  and  steam  cylinder. 

Mabine  Engines,  power  of  engines  in  proportion  to  tonnage— different  con- 
structions of  engines,  double  cylinder  engines,  trunk  engines — ^use  of  steam 
jackets — dynamical  effect  compared  with  indicator  diagrams — comparative 
economy  and  durability  of  different  boilers,  tubular  boilers,  flat-flue  boilers, 
Ac. — ^brine  pumps,  and  means  of  preventing  deposit — salinometers — ^weight 
of  machinery  and  boilers — ^kind  of  paddle  wheels — speed  obtained  in  British 
war  steamers,  in  British  merchant  steamers,  and  in  Foreign  ditto,  with 
particulars  of  the  construction  of  engines  with  paddle  wheels,  Ac. — screw 
propellers,  particulars  of  different  kinds,  improvements  in  form  and  position, 
number  of  arms,  material,  means  for  unshipping,  bearings,  horse  power 
applied,  speed  obtained,  section  of  vessel — governors  and  storm  governors. 

BoTABT  Engines,  particulars  of  construction  and  practical  application — details 
of  results  of  working. 

LocoMOTivB  Engines,  particulars  of  construction,  details  of  experiments,  and 
results  of  working — consumption  of  fuel — ^use  of  coal  and  wood — 
consumption  of  smoke — ^heating  surface,  length  and  diameter  of  tubes — 
material  of  tubes — experiments  on  size  of  tubes  and  blast  pipe — construction 
of  pistons,  valve  gear,  expansion  gear,  Ac. — indicator  diagrams — expenses 
of  working  and  repairs — ^means  of  supplying  water  to  tenders — ^locomotives 
for  steep  gradients  and  sharp  curves— -distribution  of  weight  on  wheels. 

Agbicultural  Engines,  details  of  construction  and  results  of  working — duty 
obtained — application   of  machineiy   and   steam   power   to  agricultural 
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purposes — ^bam  maclimeiy — afield  implements — traotion  engmes,  particnlars 
of  performance  and  cost  of  work  done. 

Caioeic  Engines — engines  worked  by  Gas,  or  explosive  compoimds — Electro- 
magnetic engines — ^particulars  and  results. 

Hybbaulic    Engines,   particulars    of    application   and   working — ^pressure  of 
water — constmction  and  arrangement  of  valves,  relief  valves— oonstmction  * 
of  joints — ^hydraulic  rams. 

Watbb  Wheels,  particulars  of  constmction  and  dimensions^ — ^form  and  depth  of 
bnckets — head  of  water,  velocity,  percentage  of  power  obtained — ^turbines, 
oonstmction  and  practical  application,  power  obtained,  comparative  effect 
and  economy. 

Wind  Mills,  particulars  of  constmction — ^number  of  sails,  surface  and  form 
of  sails — ^velocity,  and  power  obtained — average  number  of  days'  work  per 

Corn  Mills,  particulars  of  improvements — ^power   employed — ^application  of 

steam  power — ^results  of  working  with  an  air  blast  and  ring  stones — 

crushing  by  roUs  before  grinding — advantages  of  regularity  of  motion. 
Sugar  Mills,  particulars  of  construction  and  working — ^results  of  application 

of  the  hydraulic  press  in  place  of  rolls — application  of  steam  and  water 

for  extracting  the  last  portion  of  saccharine  matter — construction  and 

working  of  evaporating  pans. 
Oil  Mills,  facts  relating  to  construction  and  working,  by  stampers,  by  screw 

presses,  and  by  hydraulic  presses — ^particulars  of  crushing  rollers  and  edge 

stones. 
GoTTO^  Mills,  information  respecting  the  constmction  and  arrangement  of  the 

machinery — power  employed,  and  application  of  power — ootttm  presses, 
.    mode  of  constmction  and  working,  power  employed — ^improvements  in 

spinning,  carding,  and  winding  machinery,  &c. 
Calico-Frinting  and  Bleaching  Machinery,  particulars  of  improvements. 
Wool  Machinery,  carding,  combing,  roving",  spinning,  &c. 
Flax  Machinery,  manufacture  of  flax  and  other  fibrous  materials,  both  in  the 

natural  length  of  staple  and  when  cut. 
Bofe-Making    Machinery — ^hemp     and    wire   ropes,    comparative   strength, 

durability,  and  cost — steel  wire  ropes. 
Saw  Mills,  particulars  of  constmction — ^mode  of  driving — ^power  employed — 

particulars  of  work  done — ^best  speeds  for  vertical  and  circular  saws — ^form 

of  saw  teeth — saw  mills  for  cutting  ship  timbers — ^veneer  saws — endless 

band  saws. 
Wood-Working    Machines,   morticing,    planing,    rounding,    and  surfacing — 

copying  machineiy. 
Glass  Machinery — ^manufacture  of  plate  and  sheet  glass — constmction  of 

heating  furnaces,  amiealing  kihis,  &o, — ^grinding  and  polishing  machinery. 
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Lathes,  Flanino,  Bobino,  Drilling,  and  Sloiting  Machines,  &c.,  particulars 
of  improvementa— description  of  new  self-acting  tools — engineers'  tools — 
files  and  file-cutting  machineiy. 

BoLLiNG  Mills,  improvements  in  machineiy  for  making  iron  and  steel — ^mode 
of  applying  power — ^use  of  steam  hammers— piling  of  iron — ^plates — ^fancy 
sections — arrangement  and  speed  of  rolls — ^length  of  bar  rolled — ^manufac- 
ture of  rolled  girders. 

Steam  Kajocers,  improvements  in  construction  and  application — ^firiction 
hammers — air  hammers. 

EiVETTiNG,  Punching,  and  Shearing  Machines,  worked  by  steam  or  hydraulic 
pressure — direct-acting  and  lever  machines — comparative  strength  of  drilled 
and  punched  plates — ^rivet-making  machines. 

Stamping  and  Coining  MACHiNEBr,  particulars  of  improvements,  &c. 

Papeb-Making  and  Papeb-Outting  Machines,  new  materials  and  resultg. 

Pbinting  Machines,  particulars  of  improvements,  Ac. — ^type  composing  and 
distributing  machines. 

Wateb  Pumps,  facts  relating  to  the  best  construction,  means  of  working,  and 
application — ^velocity  of  piston — construction,  lift,  and  area  of  valves. 

AiB  Pumps,  facts  relating  to  the  best  construction,  means  of  working,  and 
application — ^velocity  of  piston — construction,  lift,  and  area  of  valves. 

Htdbaulic  Presses,  facts  relating  to  the  best  construction,  means  of  working, 
and  application — economical  limit  of  pressure. 

Eotabt  and  Oentbifugal  Pumps,  ditto  ditto  ditto. 

FiBE  Engines,  hand  and  steam,  ditto  ditto  ditto. 

Sluices  and  Sluice  Cocks,  worked  by  hand  or  hydraulic  power,  ditto. 

Cbanes,  steam  cranes,  hydraulic  cranes,  pneumatic  cranes,  travelling  cranes. 

Lefts  for  raising  raQway  wagons — hoists  for  warehouses — safety  apparatus. 

Toothed  Wheels,  best  construction  and  form  of  teeth — ^results  of  working- 
power  transmitted — ^method  of  moulding — strength  of  iron  and  wood 
teeth. 

Dbiving  Belts  and  Straps,  best  make  and  material,  leather,  gutta  percha, 
vulcanised  india-rubber,  rope,  wire,  chain,  &c. — comparative  durabiliiy, 
and  results  of  working — ^power  communicated  by  certain  sizes — firictional 
gearing,  construction  and  driving  power  obtained — Motion  clutches — 
shaftiug  and  couplings. 

Dtnamometebs,  construction,  application,  and  results  of  working. 

Decimal  Measubement — application  of  decimal  system  of  measurement  to 
mechanical  engineering  work — drawing  and  construction  of  machineiy, 
manufactures,  &c. — construction  of  measuring  instruments,  gauges,  &c. 

Stbength  of  Matebials,  facts  relating  to  experiments,  and  general  details  of 
the  proof  of  girders,  &c. — girders  of  cast  and  wrought  iron,  particulars 
of  different  constructions,  and  experiments  on  them — ^rolled  girders — ^best 
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forms  and  proportions  of  girders  for  different  purposes— best  mixture  of 
metal — ^miztnres  of  wrought  iron  with  cast. 

DuBABiLiTY  OF  Tdibeb  of  Tarions  kinds — ^best  plans  for  seasoning  and  pre* 
serving  timber  and  cordage — ^results  of  varions  processes— comparative 
dnrabiliiy  of  timber  in  different  sitnatK>ns — experiments  on  actnal  strength 
of  timber. 

Corrosion  of  Metals  hy  salt  and  fresh  water,  and  by  the  atmosphere,  &o, — 
fjBcts  relating  to  corrosion,  and  best  means  of  preventicm — ^means  of  keeping 
ships'  bottoms  clean — gahroBic  action,  natnre,  and  preyentiyes. 

Allots  of  Metals,  facts  relating  to  different  alloys. 

Friction  of  Various  Bodies,  facts  relating  to  friction  nnder  ordmaiy  circnm. 
stances — foots  on  increase  of  friction  by  reduction  of  surface  in  contact — 
friction  of  iron,  brass,  copper,  tin,  wood,  Ac. — ^proportion  of  weight  ta 
rubbing  surface — ^best  forms  of  journals,  and  construction  of  axleboxes — 
wood  bearings — ^water  axleboxes — lubrication,  best  materials,  means  of 
application,  and  results  of  practical  trials — ^best  plans  for  oil  tests — ^friction 
breaks. 

Iron  Eoofs,  particulars  of  construction  for  different  purposes— durabiliiy  in 
various  climates  and  situations — comparative  cost,  weight,  and  durability — 
roofs  for  slips  of  oast  iron,  wrought  iron,  timber,  &c. — ^best  construction, 
form,  and  materials— details  of  large  roofls,  and  cost. 

FiRE-PRooF  Buildings,  particulars  of  construction — ^most  efficient  plan— results 
of  trials. 

Chdinet  Stacks  of  large  size — ^particulars,  form,  mode  of  building,  cheapest 
ccmstruction,  Ac. — force  of  draught,  and  temperature  of  current. 

Bricks,  manufacture,  durability,  and  strength — ^hollow  bricks,  fire  bricks,  and 
fire  clay — perforated  bricks,  cost  of  manufocture,  and  advantages — dry  clay 
bricks — ^machines  for  brick  making — ^burning  of  bricks. 

Gas  Works,  best  form,  size,  and  material  for  retorts — construction  of  retort 
ovens — quantity  and  quality  of  gas  from  different  ooals — oil  gas,  cheapest 
mode  of  making — ^water  gas,  Ac. — ^improvements  in  purifiers,  condensers, 
and  gasholders — ^wet  and  dry  gas  meters — self-regulating  meters — ^pressure 
of  gas,  gas  exhauster — gas  pipes,  strength  and  durability,  and  construction 
of  joints — proportionate  diameter  and  length  of  gas  mains,  and  velocity 
of  the  passage  of  gas— experiments  on  ditto,  and  on  the  friction  of  gaff 
in  mains,  and  loss  of  pressure. 

Water  Works,  facts  relating  to  water  works — application  of  power,  and 
economy  of  working — ^proportionate  diameter  and  length  of  pipes — experi- 
ments on  the  discharge  of  water  from  pipes,  and  friction  through  pipes — 
strength  and  durability  of  pipes,  and  construction  of  joints — ^penetration 
of  frost  in  different  climates — ^relative  advantages  of  stand  pipes  and  air 
vessels— water  meters,  construction  and  working. 

E 
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Well  Sutking,  and  Artesian  Wells,  facta  relating  to— 4Mxring  tools, 
constmction  and  mode  of  nsing. 

Tunnelling  Machines,  particnlara  of  constmction,  and  results  of  working. 

Goffer  Dams  and  Piling,  facts  relating  to  constmction — cast  iron  sheet  piling. 

Piers,  fixed  and  floating,  and  pontoons,  ditto  ditto 

Pile  Driving  Apparatus,  particulars  of  improvements — ^nse  of  steam  power 
— ^particulars  of  working — ^weight  of  ram  and  height  of  fall,  total  number  of 
blows  required — ^vacuum  piles — compressed  air  system — screiW  piles. 

Dredging  Machines,  particulars  of  improvements — application  of  dredging 
machines — ^power  required  and  work  done. 

Diving  Bells  and  Diving  Dresses,  facts  relating  to  the  best  constmction. 

Lighthouses,  cast  iron  and  wrought  iron,  ditto  ditto 

Ships,  iron  and  wood — details  of  construction — lines,  tonnage,  cost  per  ton — 
water  ballast — steel  masts  and  yards,  and  wire  rope  rigging — comparative 
strength  and  advantage  of  iron  and  wood  ships. 

Mining  Operations,  facts  relating  to  mining — ^modes  of  working  and  propor- 
tionate yield — ^means  of  ventilating  mines — ^use  of  ventilating  machinay — 
safety  lamps — ^lighting  mines  by  gas — drainage  of  mines — sinking  pits — r 
mode  of  raising  materials — safety  guides — ^winding  machinery — ^under- 
ground conveyance — ^stone  breaking  machines — ^mode  of  breaking,  pul- 
verising, and  sifting  various  descriptions  of  ores. 

Blasting,  facts  relating  to  blasting  under  water,  and  blasting  generally — jiae. 
of  gun-cotton,  &c. — effects  produced  by  large  and  small  charges  of  powder — 
arrangement  of  charges. 

Blast  Furnaces — shape  and  size — consumption  of  fuel — ^burden,  make,  and 
quality  of  metal — ^pressure  of  blast — ^horse  power  required — economy  of 
working — improvements  in  manufacture  of  iron — comparative  results  of  hot 
and  cold  blast — ^increased  temperature  of  blast — constmction  and  working 
of  hot  blast  ovens — ^pyrometers — construction  of  tuyeres — ^means  and  results 
of  applieatiau  of  waate  gas  fix>m  clo&e-topped  and  open -topped  fomaces— 
pi'opnrntion  of  uinteriolii  for  liimuCf.^  tiiid  mutle  of  clmrj^iog. 

PUBDLIKC  Furnace 9 J  boat  forma  and  construe tion^ worked  with  coal,  ohs^ 
coal,  &Cp — application  of  macLinery  to  puddling. 

HEATING  FuRHAC£s>  beat  ci^nstrttction — consumption  of  faol,  and  hs^Btt  obtained. 

CkiKTBETiNG  FuRKACES,  cou^tnK^tioD  of  foriiacoi^ — ■mfinufjwjtui*  of  Bl«el^ 
caflehardening'j  &c, — co  averting  roateriisila  tjnaployedi 

Smitks'  FojiCrES,  byst  con&truction— flizfl  luid  ititttsirial — pOfwer  of  Haet — hoi 
blast,  <itc,^-constnictiou  of  tuyeres. 

Smiths*  Fans  akd  Fa^s  generally,  beet  tjondtrnction^  &om  of  UwUia,  A<s,— iiiete 
relating  to  power  employed  and  percen  "        .■  'Hjur^il—  pn  -^Nuro  4xi4 

quantity  of  air  diflchaj^d—sise  aa^  ■  ^ .   ■  ■ , , ,        iir  jntUii*  — inticilflaififtlf 

Tentiiation  and  warming  ( 
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GoKB  AND  Charcoal,  particulars  of  the  best  mode  of  making,  and  constraction 

of  ovens,  &c.— open  coking,  mixtures  of  coal  slack  and  other  materials — 

evaporative  power  of  different  varieties. 
Bailwats,    construction  of  permanent    way — section  of   rails,   and    mode  of 

manufacture — ^mode    of   testing    rails — experiments    on    rails,    deflection, 

deterioration,  and  Comparative  durability — material  and  form  of  sleepers, 

size,  and  distances — improvements  in  chairs,  keys,  and  joint  fastenings — 

permanent  way  for  hot  climates. 
Switches  and  CfiossiNas,  particulars  of  improvements,  and  results  of  working. 
Turntables,  particulars  of  various  constructions  and  improvements — engine 

turntables. 
Signals  for  stations  and  trains,  and  self-acting  signals. 
Electric  Telegraphs,  improvements  in  construction  and  insulation — coating 

of  wires — ^underground  and  submarine  cables — ^mode  of  laying. 
Railway  Carriages  and  Wagons,  details  of  construction — ^proportion  of  dead 

weight. 
Breaks   for  carriages   and  wagons,   best    construction — ^self-acting  breaks — 

continuous  breaks. 
Buffers  for  carriages,  &o,,  and  station  buffers^-difGorent  constmcti(»i8  and 

materials. 
Couplings  for  carriages  and  wagons — safety  couplings. 
Springs   for  carriages,  &c. — buflEing,  bearing,   and  draw  springs — ^range,  and 

deflection  per  ton — particulars  of  different  constructions  and  materials,  and 

results  of  working. 
Railway  Wheels,  wrought  iron,  cast  iron,  and  wood — particulars  of  different 

constructions,  and  results  of  working — comparative  expense  and  durability 

— ^wrought  iron  and  steel  tyres,  comparative  economy  and  results  of  working 

— ^mode  of  fixing  tyres — manufacture  of  solid  wrought  iron  wheels. 
Bailway  Axles,  best  description,  form,  mat^al,  and  mode  of  manufacture. 


The  Papers  are  to  be  written  in  the  third  perscm,  on  foolscap  paper,  on  one 
side  only  of  each  page,  leaving  a  clear  margin  of  an  inch  width  on  the  left  side. 
In  the  subjects  of  the  papers,  extracts  from  printed  publications  and  questions  of 
patent  right  or  priority  of  invention  are  not  admissible. 

The  Diagrams  to  be  on  a  large  scale  and  strongly  coloured,  so  as  to  be 
clearly  visible  to  the  meeting  at  the  time  of  reading  the  paper.  Enlarged  details 
to  be  added  for  the  illustration  of  any  particular  portions,  drawn  full  size  or 
niagnified,  with  the  different  parts  strongly  coloured  in  distinctive  colours. 
Several  explanatory  diagrams  drawn  roughly  to  a  lsa>ge  scale  in  dark  pencil  lines 
and  strongly  coloured  are  preferable  to  a  few  small-Bcale  finished  drawings.  The 
Boale  of  each  diagram  to  be  marked  upon  it. 
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MEMOIRS 

OF  MEMBERS  DEOSASED  IN  1863. 


William  Bagnall  was  bom  at  Darlaston,  Staffordsliire,  on 
4th  April  1797,  and  at  an  early  age  entered  the  ironworks  of  his 
fiither,  who  was  a  coal  and  iron  master  at  Westbromwich  and 
Tipton :  he  became  a  partner  in  the  works  in  1828,  together  with 
four  of  his  brothers,  and  took  an  active  part  in  the  practical 
management.  In  1840  by  the  death  of  his  elder  brother  he  became 
.  the  senior  member  of  the  firm  of  Messrs.  John  Bagnall  and  Sons, 
having  extensive  ironworks  and  collieries  in  Sonth  Staffordsliire,  the 
quality  of  the  iron  mannfectnred  being  known  as  the  I B  Crown 
brand:  he  also  took  great  interest  in  the  extensive  schools 
established  in  connection  with  their  works  for  the  workpeople.and 
their  families.  This  position  he  continued  to  hold  until  his 
death,  which  occurred  suddenly,  after  only  a  few  hours'  illness, 
at  his  residence  at  Handsworth  near  Birmingham,  on  12th  August 
1863,  at  the  age  of  siidy-six.  He  was  elected  a  Member  of  the 
Institution  in  1848. 

Alexandeb  Brodie  Cochrane  was  bom  at  Dudley  on 
10th  February  1813,  and  at  the  age  of  seventeen  was  engaged  at 
Messrs.  Grazebrook's  collieries  and  ironworks  near  Dudley,  which 
were  then  under  the  management  of  his  father.  In  1838  he 
started  a  small  ironfoundry  at  Bilston  in  conjunction  with 
Mr.  John  Joseph  Bramah;  and  in  1840,  in  conjunction  with  his 
fiither  and  Mr.  Bramah,  commenced  the  Woodside  Iron  "Works 
near  Dudley.  Upon  the  death  of  Mr.  Bramah  the  late 
Mr.  Charles  Oeach  became  his  partner,  and  afterwards  also  the 
late  Mr.  Archibald  Slate;  and  he  subsequently  carried  on  these 
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works  in  conjunction  with  his  brother  and  son.  Amongst  the 
pubHc  works  there  executed  were  the  castings  for  the  Exhibition 
building  of  1851,  the  Copenhagen  gas  and  water  works,  the  pipes 
for  the  Melbourne  water  works,  the  large  caisson  and  dock  gates 
for  the  Victoria  docks,  London,  and  several  large  iron  bridges, 
including  Westminster  Bridge,  the  Charing  Cross  Railway  bridges, 
and  the  Rochester  road  bridge  and  swing  bridge.  In  1853 
Mr.  Cochrane  also  entered  upon  large  undertakings  in  the  North 
of  England,  including  colheries  in  Northumberland  and  Durham, 
and  the  Ormesby  Iron  Works  at  Middlesborough.  He  continued 
in  the  active  management  of  these  numerous  concerns  until 
prevented  by  serious  ill  health  some  years  before  his  death.  At 
the  Woodside  works  he  carried  out  successfiiUy  the  appHcation 
of  coking  in  ovens  to  the  Staffordshire  slack,  and  read  a  paper 
before  the  Institution  in  May  1861  upon  the  nature  of  the  process 
and  the  results  obtained.  He  became  a  member  of  the  Institution 
in  1847,  the  year  of  its  commencement,  and  was  for  some  years 
before  his  death  a  Vice-President  of  the  Institution.  His  death 
took  place  on  23rd  June  1863,  after  a  long  and  severe  iOness,  at 
his  residence,  Stourbridge,  in  the  fifty-first  year  of  his  age. 

John  Farmer  was  bom  on  22nd  January  1796  at  Kingswinford 
near  Dudley,  and  his  first  situation  was  at  Messrs.  Heywood's 
ironworks  at  Brockmoor ;  jfrom  whence,  <m  the  opening  of  the 
Shut  End  Iron  Works  by  Messrs.  Bradley  and  Co.  in  1816,  he  was 
appointed  manager  of  these  works,  and  retained  that  position  to  the 
time  of  his  death,  which  took  place  on  22nd  August  1863,  in  the 
sixty-eighth  year  of  his  age.  He  was  elected  a  memb^  of  the 
Institution  in  1862. 

James  Fenton  was  bom  at  Dunkenny  in  Forfarshire  on  29th 
August  1815;  and  after  leaviug  the  Glasgow  University  was 
apprenticed  as  a  mechanical  engineer  to  Messrs.  James  Cook  and  Co. 
of  Glasgow,  and  afterwards  as  a  civil  engineer  to  Mr.  Blackadder  of 
Glamis.  His  first  appointment  was  under  Mr.  Brunei  on  the  Great 
Western  Railway  at  its  formation  in  June  1837;  after  which  he  was 
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appointed  resident  engineer  and  locomotive  snperintendent  on  the 
Manchester  and  Leeds  Eailway  in  1841.  In  1845  he  became  acting 
engineer  of  the  Leeds  and  Thirsk  Railway,  for  which  the  bill  had 
jnst  been  obtained ;  bnt  previous  to  the  completion  of  the  line  he 
undertook  in  1846  the  management  of  the  Railway  Fonndry,  Leeds, 
where  the  well-known  "  Jenny  land "  class  of  locomotive  engines 
were  bnilt  fix)m  his  designs :  a  class  of  engine  which,  on  acconnt  of 
its  simplicity  of  construction  combined  with  its  steadiness  at  a  high 
speed,  was  extensively  adopted  for  passenger  engines.  He  also 
constructed  and  launched  the  large  landing  stage  at  New  Holland 
for  the  steamboat  ferry  across  the  Humber  to  Hull.  In  1851  he  was 
appointed  consxdting  engineer  to  the  Low  Moor  Iron  Company,  a 
position  which  he  retained  to  his  death.  He  was  elected  a  Member 
of  the  Institution  in  1847,  the  year  of  its  commencement,  and  took 
a  very  active  part  in  promoting  its  interests ;  he  was  elected  a 
Vice-President  of  the  Institution  in  1857  and  re-elected  in  each  year 
subsequent.  He  died  on  22nd  April  1863,  in  the  forty-eighth  year 
of  his  a^,  at  Leamington,  where  he  had  for  some  time  resided  for 
the  benefit  of  his  health. 

Joshua  Field  was  bom  at  Hackney  in  1786,  his  father  being  an 
extensive  com  merchant.  After  leaving  school  in  1802  he  spent 
two  years  in  the  machinery  department  of  Portsmouth  dockyard, 
then  recently  commenced  under  the  superintendence  of  General 
Sir  Samuel  Bentham,  and  afterwards  a  year  in  the  Admiralty 
drawing  office  at  Whitehall.  He  was  then  engaged  by  Mr.  Maudslay 
as  draughtsman  upon  the  block  machinery  invented  by  the  elder 
Brunei,  which  was  then  in  course  of  construction  by  Mr.  Maudslay, 
with  whom  he  was  thus  brought  into  connection,  and  with  whom 
he  thenceforward  continued,  being  first  in  the  original  foctory  in 
Margaret  Street,  Cavendish  Square,  which  was  removed  in  1810 
to  the  present  site  at  Lambeth,  where  he  became  a  partner  in  1822« 
Steam  navigation  having  been  introduced  about  1812,  he  was 
principally  engaged  in  the  manufacture  of  marine  engines,  first  for 
paddle-wheel  vessels  and  more  recently  for  the  large  screw  war 
steamers.    His  name  is  specially  connected  with  the  introduction  of 
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steam  navigation,  and  with  bringing  to  its  present  state  of 
perfection  the  Marine  Engine,  in  the  improvement  of  which  he  took 
a  very  active  part,  from  the  early  10  horse  power  engines  of  the 
**  Richmond  "  and  "  Regent "  made  in  1815,  to  the  large  horizontal 
screw  engines  of  1350  nominal  horse  power  made  by  his  firm  in 
1862  for  the  iron-plated  frigate  "  Aginconrt."  He  became  a 
Member  of  the  Institntion  in  1862,  and  died  on  11th  August  186S 
at  the  age  of  seventy-six. 

Benjamin  Gibbons,  Jun.,  was  bom  on  20th  May  1815  at  Redland 
near  Bristol,  and  was  the  youngest  son  of  the  late  William  GKbbons, 
who  was  largely  connected  with  the  iron  and  shipping  interests 
of  that  port.  He  commenced  business  in  the  South  StaffOTdshire 
iron  district  about  1840  by  developing  some  of  the  fire-clay  mines  at 
Sedgley,  and  about  1844  began  making  the  cinder  pig  iron  for 
foundry  purposes  at  the  Corbyn's  Hall  Furnaces  near  Dudley,  and 
afterwards  continued  to  do  so  at  the  MiUfield  Furnaces.  He 
subsequently  carried  on  also  many  successftd  mining  operations 
both  in  Staffordshire  and  Derbyshire,  and  in  1856  established  the 
Soudley  Furnaces  in  the  Forest  of  Dean,  where  he  made  the 
Soudley  brand  of  pigs.  He  was  elected  a  Member  of  the 
Institution  in  1860;  and  died  at  his  residence,  Birmingham,  on 
3rd  September  1863,  at  the  age  of  forty-eight,  from  the  results  of  a 
slight  accident. 

Benjamin  Goodfellow  was  bom  in  1811  at  Rainow  near 
Macclesfield,  and  began  to  work  in  a  silk  miU  at  the  age  of  six 
years :  on  the  removal  of  his  parents  to  Hyde  near  Manchester,  he 
worked  at  the  Carrfield  Mills,  Floweryfield,  until  1838,  and  was 
ultimately  employed  there  as  a  mechanic  upon  the  various  machines 
used  in  spinning  and  weaving  cotton.  About  two  years  later  he 
established  works  of  his  own,  for  the  manufacture  of  the  steam- 
engine  piston  known  by  his  name,  and  for  general  engineering  work ; 
being  particularly  successful  in  his  arrangements  of  compound  steam 
engines  for  economising  ftiel,  which  have  been  largely  adopted  in 
the  cotton  manufacturing  districts.      He  was  one  of  the  original 
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members  of  tlie  Institution  from  its  commencement  in  1847  -^  and 
died  on  29tli  April  1863  in  the  fifty-second  year  of  his  a^. 

William  Watson  Hewitson  was  bom  at  Newcastle-on-Tyne  in 
1815 ;  and  after  serving  his  time  at  Messrs.  Robert  Stephenson  and 
Co.'s  works  in  that  town  he  was  for  some  time  in  the  locomotive 
shops  of  Messrs.  Fenton  Murray  and  Jackson  at  Leeds*  From 
thence  he  went  to  the  locomotive  works  of  Messrs.  Kitson  and  Co. 
at  Leeds,  taking  the  position  of  manager  and  principal  draughtsman ; 
and  in  1842  he  became  a  member  of  that  firm,  and  continued  so 
until  his  death  on  7th  May  1863  at  the  age  of  forty-eight.  He  had 
made  the  locomotive  engine  his  special  study  from  his  first  connection 
with  business ;  and  during  the  last  two  years  of  his  life  rendered 
material  assistance  in  the  development  of  the  system  of  steam 
ploughing,  in  connection  with  Mr.  John  Fowler.  He  was  a  Member 
of  the  Institution  from  1848. 
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The  Chairman  oongratnlated  the  Members  npon  the  growing 
prosperity  of  the  Institution  and  the  very  satis&ctory  progress  it 
had  made  in  the  nnmber  of  Members  and  increase  of  fiuids,  and  in 
the  value  and  interest  of  the  papers  communicated :  he  moved  that 
the  Eeport  of  the  Council  be  received  and  adopted,  which  was 


The  Chairman  announced  that  the  Ballot  lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following 
Ofl&cers  and  Members  of  Council  were  found  to  be  duly  elected  for 
the  ensuing  year : — 

PRESIDENT. 

EoBERT  Napier,     .  Glasgow. 

PAST-PRESIDENTS. 

Ex  officio  jpermcunent  Members  of  Cotmcil, 

Sir  William  G.  Armstrong,    .  Newcastle-on-Tyne. 

James  Kennedy,    .        .        .  Liverpool. 

John  Penn,       ....  London. 

Joseph  Whitworth,      .  Manchester. 

vice-presidents. 

Charles  F.  Beyer,  .  Manchester. 

Edward  A.  Cowper,  London. 

Robert  Hawthorn,  .  .    Newcastle-on-Tyne. 

Sampson  Lloyd,  .        Wednesbury. 
Henry  Maudslay,  London. 

John  Ramsbottom,  .        Crewe. 

council. 

Alexander  Allan,    .        .        .  Perth. 

John  Anderson,    .        .  Woolwich. 

Frederick  J.  Bramwell,  .        .  London. 

Charles  Cochrane,       .        .  Dudley. 

Walter  May,  ....  Birmingham. 

C.  William  Siemens,    .  London. 
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Members  of  OotmcU 

remcmdng  m  office. 

Daniel  K.  Clark,    . 

London. 

William  Clay, 

Liverpool. 

John  Febnib,   . 

.     Leeds. 

Sm  Chablbs  Fox, 

London. 

Geoege  Harrison,    . 

London. 

Thomas  Hawksley, 

London. 

Edward  Humphrys, 

London. 

Edward  Jones, 

Wednesbniy. 

Charles  P.  Stewart,   . 

Manchester. 
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TREASURER. 

Henry  Edmunds,  Birmingliam. 

SECRETARY. 

William  P.  Marshall,         .        Birmingliam. 


The  following  New  Members  were  also  elected : — 

MEMBERS. 

David  Campbell,     .        .        .  Liverpool. 

WiLUAM  Thomas  Carrington,  London. 

George  Heaton  Daglish,        .  St.  Helen's. 

Charles  E.  Darby,      .        .  Wrexham. 

Edward  Henry  Foster,  .        .  Wednesbnry. 

Eliot  Howard,     .        .  London. 


The  following  paper  was  then  read : — 
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DESCRIPTION  OP  A 

MACHINE  FOR  BREAKING  LIMESTONE  AND   ORE 

AT  KIRKLESS  HALL  IRON  WORKS. 


By  Mr.  JOHN  LANCASTER,  op  Kirklbss  Hall,  Wigan. 


This  Stone  Breaking  Macliine,  whicli  is  the  invention  of 
Mr.  Blake  of  Newhaven,  Connecticut,  is  employed  for  breaking 
limestone  and  ore  for  blast  ^maces  and  also  stone  for  metalling 
roads.  It  is  driven  by  steam  power,  and  consists  of  a  crushing 
hopper,  in  which  the  stone  is  broken  between  a  pair  of  jaws,  one 
fixed  in  the  frame  of  the  machine,  and  the  other  vibrating  on  a 
centre  throngh  a  short  distt^nce,  worked  by  an  ordinary  toggle  joint 
and  long  lever  which  receives  its  motion  from  a  crank  shaft. 

The  machine  is  shown  in  Figs.  1,  2,  and  3,  Plates  1  to  3; 
Fig.  1  is  a  longitudinal  section,  Fig.  2  a  plan,  and  Fig.  3  an  end 
elevation. 

The  fixed  jaw  A,  Fig.  1,  Plate  1,  against  which  the  stone  is 
crushed,  is  a  vertical  fluted  block  of  cast  iron,  bedded  in  zinc  in  the 
end  of  the  very  strong  cast  iron  frame  of  the  machine,  and  held  in 
its  place  by  loose  tapered  cheek  pieces  B  B,  as  seen  in  the  plan, 
Fig.  2,  which  fit  into  recesses  on  each  side  of  the  hopper.  The 
moveable  jaw  C  is  fluted  on  the  breaking  face  to  correspond 
with  the  fixed  jaw,  the  ridges  of  the  moveable  jaw  being  opposite 
the  grooves  of  the  fixed  jaw :  and  the  moveable  jaw  is  suspended 
from  a  large  transverse  pin  above  the  frame.  At  the  back  of  the 
moveable  jaw  to  give  the  motion  are  two  struts  D  D,  in  the  form  of 
flat  cast  iron  plates  extending  the  whole  width  of  the  jaw  and 
bearing  in  the  middle  in  the  upright  thrust  bar  E;  this  bears 
at  the  bottom  upon  the  main  lever  F,  the  whole  forming  a 
horizontal  toggle  joint  of  simple  construction  and  great  strength. 
Figs.  4  and  5,  Plate  3,  show  the  thrust  bar  E  of  the  toggle  joint ; 
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and  Fig.  6  is  a  plan  of  one  of  the  strut  plates  D.  The  main  lever  F, 
Fig.  1,  has  its  ftilcmin  on  a  cross  beam  cast  in  the  frame  of  the 
machine,  and  when  lifted  by  the  connecting  rod  and  crank  G  at  the 
outer  end  it  presses  forward  the  breaking  jaw  C  bj  straightening 
the  toggle  joint.  In  the  depression  of  the  lever  the  jaw  is  drawn 
back  ready  for  the  next  stroke  by  the  india-rubber  spring  I. 

The  entire  frame  of  the  machine  is  in  one  single  casting,  and 
has  feet  cast  upon  it  to  stand  upon  a  brick  or  stone  foundation :  the 
feet  have  bolt  holes  cast  in  them  for  the  purpose  of  bolting  the 
machine  down  to  the  foundation ;  in  practice  however  it  is  found 
to  require  nothing  besides  its  own  weight,  about  8  tons,  to  keep  it 
steady  in  its  place.  It  is  fixed  high  enough  to  allow  a  railway 
wagon  or  a  cart  to  be  placed  under  the  hopper  to  receive  the  broken 
material  direct  from  the  crushing  jaws.  The  crank  shaft  Gt  carries 
a  flywheel  H  on  each  side  of  the  machine,  and  also  the  driving 
pulley  K,  which  receives  a  belt  from  the  steam  engine  or  shafting 
employed  to  drive  the  machine. 

The  moveable  jaw  C,  Fig.  1,  Plate  1,  works  on  a  round  bar  of 
iron,  which  passes  loosely  through  it  and  forms  the  centre  upon 
which  it  vibrates.  Every  revolution  of  the  crank  causes  the  lower 
end  of  the  moveable  jaw  to  advance  towards  the  fixed  jaw  about 
f  inch  and  return;  and  when  the  jaw  is  drawn  back  the  stone 
in  the  hopper  falls  lower  down  to  fill  up  the  space  caused  by  drawing 
back  the  jaw,  and  is  then  ready  for  the  next  bite  of  the  jaws,  and  so 
on  until  the  broken  stone  drops  out  at  the  bottom.  The  extent  of 
motion  of  the  crank  end  of  the  main  lever  F  is  5^  inches,  giving  a 
total  leverage  of  14  to  1.  The  distance  of  the  jaws  apart  at  the 
bottom  determines  the  size  of  the  broken  material,  and  can  be 
altered  at  pleasure.  A  variation  of  |  inch  can  be  made  by  raising 
or  lowering  the  screws  which  adjust  the  wedges  L,  thereby  altering 
the  abutment  for  the  toggle  joint.  Further  variations  are  made  by 
changing  the  strut  plates  D,  and  putting  in  longer  or  shorter  ones 
as  may  be  required. 

The  writer  first  became  acquainted  with  this  stone  breaking 
machine  at  the  International  Exhibition  of  1862,  where  a  working 
model  of  it  was  shown  in  action ;   and  from  its  simplicity  and  the 
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ease  with  which  the  model  broke  hard  flint  stones  he  was  induced 
to  obtain  a  machine  from  the  inventor  in  America  for  the  purpose 
of  breaking  iron  ore  and  hmestone  at  the  Eirkless  Hall  Iron  Works, 
"Wigan.  This  machine  was  started  in  October  1862,  and  since  that 
time  has  worked  continuously.  The  size  of  the  jaws  is  20  inches 
long  by  7  inches  width  of  opening  at  the  top ;  and  this  therefore 
represents  the  largest  stone  which  the  machine  will  break.  The 
largest  quantity  of  Hmestone  broken  in  one  day  of  10  hours  has 
been  120  tons,  or  at  the  rate  of  12  tons  per  hour ;  but  the  average 
weight  turned  out  in  regular  work  is  100  tons  per  day,  or  10  tons 
per  hour. 

In  consequence  of  the  economy  and  advantage  found  in  using 
this  machine  as  compared  with  hand  labour,  a  second  machine  was 
procured  by  the  writer  from  the  English  maker,  Mr.  Marsden  of 
Leeds,  which  was  started  in  August  last.  This  was  intended  solely 
for  limestone,  having  the  jaws  20  inches  long  by  10  inches  width 
of  opening  at  the  top,  so  as  to  enable  a  large  stone  to  be  thrown 
direct  into  the  jaws  without  having  to  be  broken  previously  by  a 
hammer.  This  second  machine  is  found  to  break  about  the  same 
quantity  of  stone  per  day  as  the  first  one.  The  first  machine  is 
now  used  for  reducing  the  size  of  any  iron  ore  or  other  material 
which  may  require  to  be  broken  small  for  the  blast  fbmaces;  as 
well  as  for  breaking  fiimace  slag  for  road  making. 

From  the  experience  obtained  with  the  two  machines  the  writer 
has  found  that  the  cost  of  breaking  any  material  to  about  the  size 
of  road  metal  is  Sd,  per  ton.  This  includes  unloading  the  material 
out  of  wagons,  and  feeding  it  into  the  machine,  together  with  the 
engine  power  and  all  expenses  connected  with  the  machine.  The 
speed  of  the  machine  it  is  found  should  not  be  less  than  200 
strokes  per  minute.  When  the  jaws  are  fixed  as  close  as  they 
can  be,  namely  about  1  inch  apart  at  the  bottom,  the  yield  is  about 
6  tons  per  hour ;  but  when  th^  are  1|  to  If  inch  apart  at  the 
bottom,  the  quantity  already  named  of  10  to  12  tons  per  hour  can 
be  got  through.  The  indicated  horse  power  required  to  drive  one 
machine  of  the  largest  size  is  16  horse  power. 
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The  only  parts  of  tlie  macliiiies  at  the  writer's  works  which  have 
been  replaced  up  to  the  present  time  are  the  fixed  and  moveable 
jaws ;  these  with  constant  work  last  about  six  months.  It  has  been 
found  that  none  but  white  or  mottled  iron  with  the  fluted  fexjes  well 
chilled  will  stand  the  severe  rubbing  and  crushing  action  which 
takes  place.  This  is  all  the  wear  that  is  experienced  in  the  working 
parts,  except  the  ordinary  wear  of  the  brasses  of  the  connecting  rod 
and  crank  shaft.  Fig.  7,  Plate  4,  shows  a  section  of  the  jaws  to  a 
larger  scale ;  and  Figs.  8  and  9  are  fall  size  sections  showing  the 
different  forms  of  teeth  with  which  the  jaws  are  made. 

The  special  points  of  advantage  found  in  this  machine  are  its 
strength  of  construction,  and  small  amount  of  wear  and  tear,  in 
consequence  of  the  parts  that  are  subjected  to  the  severe  strain 
required  for  crushing  stone  being  simple  pressure  pieces  of  cast 
iron,  of  an  advantageous  form  for  strength,  and  having  large 
bearing  surfaces  and  small  extent  of  motion  on  the  bearing  sur&ces. 
Also  the  only  parts  exposed  to  wear  by  the  stone  whilst  being 
crushed  are  the*  two  jaws,  which  aro  plain  solid  castings  of 
14^  and  6^  cwts.  weight,  without  any  fitting  upon  them,  and  readily 
taken  out  and  renewed. 


A  working  model  of  the  stone  breakiog  machine  was  shown  in 
action,  readily  breaking  up  pieces  of  the  hardest  flint,  limestone, 
and  ironstone. 

The  Chairman  remarked  that  the  cost  named  in  the  paper  of  Sd, 
per  ton  for  breaking  stone  and  ore  by  the  machine  appeared  very 
low,  amounting  to  only  25«.  fqr  the  average  production  that  had 
been  stated  of  100  tons  per  day:  and  he  enquired  whether  that 
covered  the  whole  expense  of  working,  including  breaking  and 
carting  away. 
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Mr.  Lancaster  replied  that  tlie  cost  of  M.  per  ton  did  not  include 
carting  the  stone  away,  but  covered  all  the  other  expenses  of 
breaking. 

Mr.  E.  A.  CowPER  enquired  what  was  the  cost  of  coal  at  the 
Kirkless  Hall  Works :  the  cost  of  Sd.  per  ton  for  breaking  limestone 
and  ore  certainly  appeared  very  low,  if  that  included  steam  power, 
coals,  and  attendance,  for  working  the  machine  which  required 
15  horse  power  to  drive  it. 

Mr.  Lancaster  said  all  those  expenses  were  covered  by  the  cost 
of  Sd,  per  ton,  and  the  cost  of  coal  at  his  works  was  3«.  6d.  per  ton. 

The  Chairman  enquired  whether  the  machine  was  found  to  work 
slower  with  one  kind  of  material  than  with  another. 

Mr.  Lancaster  replied  that  the  iron  Ore  at  the  Kirkless  Hall 
"Works  was  of  a  very  hard  quality  and  therefore  worked  rather 
slower  in  the  machine  than  other  ores,  requiring  a  ^ireat  deal  of 
crushing  to  reduce  it;  but  generally  it  was  found  that  heavier 
materials  passed  through  the  machine  quicker  than  lighter  ones, 
their  greater  weight  keeping  them  well  down  between  the  jaws  of 
the  machine. 

The  Chairman  enquired  whether  the  working  model  now 
exhibited  of  the  machine  was  the  same  that  was  shown  in  the 
International  Exhibition  of  1862. 

Mr.  Marsden  replied  that  the  present  model  was  similar  to  the 
one  shown  in  the  Exhibition,  and  was  made  at  the  same  time,  about 
five  years  ago,  when  he  made  several  models  of  the  machine  for  the 
purpose  of  introducing  it  into  England  and  other  countries.  Even 
the  small  model  now  shown  was  powerfcd  enough  to  break  raw 
uncalcined  flints  quite  easily,  as  was  now  seen;  by  setting  the 
flywheel  revolving  with  only  a  moderate  start  by  the  handle,  the 
flints  were  broken  into  small  bits  immediately  on  dropping  them 
into  the  jaws :  whereas  in  any  ordinary  mill  for  grinding  or  crushing 
materials,  if  a  flint  stone  got  in  it  would  stop  the  motion  of  the 
machine  or  break  some  part  of  it.  When  the  present  machine  was 
used  for  breaking  raw  flints,  it  was  necessary  to  keep  the  hopper 
covered,  to  prevent  the  pieces  from  flying  out,  unless  the  stone  was 
fed  in  by  a  cartload  at  a  time,  so  as  to  keep  the  hopper  always  ftill« 
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The  Chairman  asked  whether  the  machine  had  been  tried  for 
breaking  granite  for  macadamising  roads. 

Mr.  Marsden  rephed  there  were  abont  fifty  of  the  machines  now 
in  use  at  granite  quarries,  breaking  the  granite  chips  for  making 
roads,  ^here  the  chips  would  otherwise  be  wasted  or  would  have  to 
be  broken  by  hand  labour  at  a  cost  of  2s.  per  ton.  This  was  now 
done  by  the  machine  at  the  cost  of  Sd,  per  ton,  and  the  broken 
stone  was  produced  as  fast  as  the  carts  could  take  it  away.  Many 
of  the  machines  were  also  employed  for  crushing  emery  stone  for 
grinding,  in  which  a  great  saving  was  efifected  by  their  use,  as  they 
did  not  make  anything  like  so  much  flour  as  the  ordinary  grinding 
machines.  Hitherto  it  had  been  difficult  to  breathe  in  an  emery 
mill,  owing  to  the  quantity  of  fine  flour  with  which  the  air  was 
impregnated;  and  the  emery  flour  was  the  least  valuable  sort  of 
emery,  being  the  waste  of  the  mill,  as  it  was  impossible  to  grind  the 
emery  down  td  any  size  of  grain  without  also  making  the  flour.  The 
new  machine  however  crushed  the  emery  into  the  smallest  pieces 
required  for  the  grinding  mill,  with  only  a  very  small  quantity  of 
flour. 

The  Chairman  enquired  what  was  the  size  to  which  the  emery 
was  reduced  by  the  crushing  machine. 

Mr.  Marsden  rephed  that  the  great  expense  and  waste  in  emery 
mills  was  in  reducing  the  large  lumps  of  emery  stone  into  pieces  of 
the  size  suitable  for  the  grinding  mill,  about  the  size  of  marbles, 
which  could  then  be  speedily  ground  to  grain.  The  smallest 
machine  he  made,  weighing  about  3|  tons,  broke  the  lumps  into 
pieces  rather  smaller  than  marbles,  as  small  as  the  bits  produced  by 
the  working  model  now  exhibited.  The  machine  was  also  used  for 
crushing  tin,  copper,  or  gold  ores,  and  was  found  to  have  advantages 
over  the  ordinary  stamps  employed  for  the  purpose ;  for  in  stamping 
these  ores  the  stamps  knocked  all  the  matrix  into  a  pulverised  mass, 
and  the  practice  was  for  this  whole  mass  of  material  to  be  taken 
from  the  stamps  to  the  washing  apparatus,  to  remove  the  foreign 
matters  mixed  with  it.  But  with  the  new  machine  75  per  cent,  of 
the  foreign  matter  crushed  could  be  picked  out  at  once,  by  having 
a  revolving  table  under  the  machine  with  boys  standing  round  it  to 
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pick  the  large  pieces  of  stone  off,  leaving  only  26  per  cent,  to 
be  washed,  instead  of  the  whole  mass ;  since  the  action  of  the 
machine  was  to  open  the  seams  and  let  the  true  metal  go  without 
pulverising. 

The  Chairman  asked  what  was  the  cost  of  the  machines. 

Mr.  Marsden  replied  that  the  cost  of  the  largest  machine,  having 
the  jaws  20  inches  long  by  10  inches  width  of  opening  at  top,  was 
£240  complete.  The  smallest  machine  on  this  construction,  weighing 
3|  tons,  cost  £140,  and  had  been  made  in  the  United  States  before 
the  machine  was  introduced  into  England ;  it  was  now  at  work  at  a 
whinstone  quarry  at  Witton-le-Wear,  breaking  40  tons  per  day  of 
whinstone,  and  he  had  seen  it  break  as  much  as  3^  to  4  cubic  yards 
per  hour.  The  largest  machine  he  had  made  in  America  had  the 
jaws  20  inches  long  by  only  7  inches  wide,  instead  of  10  inches 
width  of  opening  as  now  made. 

The  Chairman  enquired  for  what  purpose  the  machine  was 
employed  in  the  first  instance  in  America,  and  whether  many 
breakages  of  the  cast  iron  fi^me  occurred  before  the  proper  strength 
was  arrived  at. 

Mr.  Marsden  said  he  had  had  several  breakages  before  the  cast 
iron  fe^me  was  made  strong  enough  to  stand  the  severe  strain 
thrown  upon  it  in  crushing  stone.  The  work  upon  which  the 
machine  was  first  employed  in  America  was  breaking  stones  in  the 
central  park  in  New  York,  in  which  there  were  from  5  to  7  miles  of 
road  to  be  made  in  1858.  A  great  quantity  of  stone  was  therefore 
required  to  be  broken  for  these  roads,  and  none  was  allowed  to  be 
laid  on  the  road  which  would  not  pass  through  a  ring  of  2  inches 
diameter  :  the  price  paid  for  breaking  the  stone  by  hand  labour  was 
nearly  10s.  per  cubic  yard.  The  first  machine  made  was  taken  to 
the  park,  and  broke  the  stone  on  contract  for  only  3^.  per  cubic  yard, 
and  at  the  end  of  the  first  three  months  it  had  earned  enough  by  the 
saving  at  that  rate  to  pay'^its  entire  cost,  while  at  the  same  time  the 
work  was  found  to  be  done  much  better  by  the  machine  than  it  had 
previously  been  done  by  hand  labour  at  more  than  three  times  the 
cost.  The  stones  to  be  broken  were  boulders  of  hard  blue  trap 
rock,  as  hard  as  flint  and  considerably  tougher,  and  the  strain  put 
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upon  the  macliiiie  to  break  them  was  greater  tlian  anything  that  had 
been  met  with  in  breaking  any  other  materials.  By  the  action  of 
the  jaws  of  the  machine  indeed  the  hardest  substances  were 
gradually  broken  up  into  pieces,  and  in  two  instances  hammer 
heads  that  had  accidentally  fallen  iuto  the  jaws  had  been  crushed 
to  pieces.  One  of  these  accidents  occurred  with  the  machine  at 
work  in  New  York,  while  he  was  standing  close  to  it ;  the  hammer 
was  used  for  knocking  the  stones  down  in  the  jaws  of  the  machine 
if  they  were  too  large  to  enter,  and  the  head  got  loose  and  came  off 
the  wood  handle  and  fell  into  the  jaws.  It  was  a  cast  steel  head 
weighing  28  lbs.,  and  was  crushed  to  pieces  by  the  machine,  which 
was  enabled  to  effect  this  by  the  circumstance  that  the  divergence  of 
the  jaws  was  sufficient  to  allow  any  very  hard  substance  that  got 
between  them  to  sHp  up  when  the  excessive  pressure  of  the  jaws  in 
closing  came  upon  it ;  but  then,  when  the  jaws  opened  again,  it 
again  fell  down  lower  between  them,  a  small  portion  being  chipped 
off  each  time,  and  in  that  way  by  a  continued  nibbling  action  the 
hardest  material  was  gradually  broken  small  enough  to  fe,ll  through. 
The  second  hammer  head  that  was  destroyed  in  that  manner  was  in 
the  n^achine  described  in  the  paper  at  the  Earkless  Hall  Works ; 
and  he  had  recently  seen  another  there  also,  which  had  fallen  into 
the  machine  and  showed  the  marks  of  the  jaws  upon  it,  but  had 
been  picked  out  before  being  crushed  to  pieces. 

Mr.  J.  C.  Wilson  enquired  what  was  the  inclination  of  the  jaws 
of  the  machine  to  each  other. 

Mr.  Marsden  replied  that  he  had  tried  different  inclinations  of 
the  jaws,  and  the  moveable  jaw  was  now  placed  at  the  inclination 
shown  in  the  drawing,  the  fixed  jaw  being  upright.  The  jaws  were 
from  7  to  10  inches  wide  at  the  top  and  2  inches  or  less  at  bottom, 
with  a  depth  of  from  18  to  24  inches  from  top  to  bottom,  the 
inclination  being  kept  in  all  cases  the  same. 

Mr.  J.  C.  Wilson  enquired  whether  the  machine  would  be 
suitable  for  granulating  animal  charcoal ;  the  machinery  at  present 
in  use  for  that  purpose  was  very  expensive. 

Mr.  Marsden  thought  if  the  charcoal  were  dry  the  machine 
would  quickly  break  it  up  to  any  degree  of  fineness  required. 
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The  Chaikman  asked  wliat  was  the  make  of  the  suspending  pin 
on  which  the  moveable  jaw  worked. 

Mr.  Marsden  replied  it  was  only  a  piece  of  common  ronnd  rolled 
iron,  not  turned  and  with  only  sufficient  dressing  to  prevent  its 
being  too  rough  for  the  jaw  to  work  upon ;  the  ends  were  flattened 
and  keyed  fast  in  the  frame  of  the  machine. 

Mr.  "Wilson  Lloyd  enquired  whether  the  cost  of  3d.  per  ton 
which  had  been  stated  for  breaking  limestone  at  the  Kirkless  Hall 
"Works  included  any  charge  for  interest  on  the  capital  expended  in 
the  machine.  That  would  affect  the  question  as  to  the  probability 
of  this  machine  superseding  hand  labour  for  the  purpose. 

Mr.  Lancaster  said  the  cost  of  Sd.  per  ton  did  not  include  any 
charge  for  interest  on  capital  or  depreciation.  It  was  merely  the 
contract  price  for  lifting  the  stone  into  the  machine,  putting  the 
wagons  under,  and  working  the  machine  in  the  usual  way ;  and  that 
was  the  average  cost  for  crushing  ordinary  materials. 

Mr.  Wilson  Lloyd  did  not  see,  that  being  the  case,  how  a  saving 
could  be  effected  by  the  machine  as  compared  with  hand  labour, 
because  at  their  own  works  at  "Wednesbury  limestone  was  broken  by 
hand  labour  at  a  cost  of  only  S^d.  per  ton ;  and  if  a  charge  for 
interest  on  capital  and  depreciation  were  added  to  the  cost  of  Sd,  per 
ton  in  breaking  limestone  by  the  machine,  that  would  bring  up  the 
cost  to  considerably  above  Sd.  per  ton.  A  great  improvement 
for  reducing  the  expense  with  the  machine  would  be  effected  if  it 
were  made  self-feeding :  at  present  it  appeared  that  every  lump 
of  material  to  be  crushed  had  to  be  lifted  by  hand  from  the  ground 
and  thrown  into  the  jaws  of  the  machine ;  but  if  it  were  fed  direct 
from  the  wagons  by  means  of  an  inclined  plane,  the  cost  of  working 
woxdd  be  materially  lessened. 

Mr.  Lancaster  had  not  found  he  could  get  limestone  broken  by 
hand  labour  for  so  little  as  S^d.  per  ton  at  his  works,  and  the  cost 
by  hand  labour  had  been  as  much  as  7d.  per  ton,  in  comparison  with 
which  the  present  cost  of  Sd.  per  ton  with  the  machine  was  a  great 
saving.  The  machine  had  also  the  important  advantage  of  breaking 
the  materials  to  a  much  more  uniform  size  than  could  be  done 
by  hand  labour,  and  uniformity  in  the  size  of  the  pieces  suited 
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the  working  of  the  blast  ftimace  better  than  irregtilar  lumps. 
Moreover  with  hand  labour  it  was  found  that  often  in  the  night 
time  the  men  in  charge  of  the  fdmaces  threw  in  lumps  both  of  ore 
and  limestone  which  were  much  too  large,  and  interfered  with  the 
regular  working  of  the  ftirnace  and  the  proper  make  of  iron :  but 
this  could  not  be  done  when  the  machine  was  used,  as  the  materials 
were  constantly  crushed  by  it  to  a  uniform  size.  He  enquired  what 
was  the  size  of  the  pieces  that  were  broken  by  hand  labour  at  the 
cost  of  3Jc?.  per  ton. 

Mr.  Wilson  Lloyd  said  the  limestone  was  broken  by  hand  labour 
to  pieces  about  3  inches  cube.  As  labour  was  growing  very  costly 
in  South  Staffordshire  a  machine  for  crushing  limestone  cheaply 
was  a  great  desideratum ;  but  he  had  expected  to  find  the  cost  of 
breaking  stone  by  the  machine  would  probably  be  only  about  half  as 
much  as  appeared  to  be  actually  the  case. 

Mr.  Lancaster  observed  that  the  larger  size  of  the  pieces  broken 
by  hand  labour  would  make  a  great  difference  in  the  expense  of 
breaking ;  for  the  cost  of  breaking  stone  by  hand  labour  to  so  small 
a  size  as  1|  inch  was  many  times  greater  than  in  reducing  it  to 
3  inches  only. 

Mr.  E.  A.  CowPER  thought  the  application  of  the  machine  to 
breaking  the  materials  for  blast  furnaces  was  decidedly  a  step  iu  the 
right  direction,  as  it  was  very  important  to  have  the  materials 
broken  fine  for  the  purpose ;  and  the  more  intimately  the  ore  and 
limestone  were  mixed  in  the  furnace,  the  better  would  be  the  yield 
of  iron  and  the  more  economical  its  production. 

Mr.  Samuel  Lloyd  enquired  whether  more  dust  was  made  in 
breaking  limestone  and  ore  by  the  machine  than  by  hand  labour, 
as  the  introduction  of  dust  into  a  blast  furnace  was  not  advantageous : 
with  hand  labour  he  had  found  very  Httle  dust  was  left  after  breakiug 
large  quantities  of  material. 

Mr.  Lancaster  replied  that  practically  no  dust  was  made  by  the 
machine,  and  the  whole  of  the  broken  material  was  taken  direct 
from  the  machine  to  the  ftimace  without  riddling  or  screening. 

Mr.  Maesden  said  he  had  tested  the  machine  during  the  last  five 
years,  in  reference  to  the  quantity  of  dust  that  it  made ;  and  had 
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foTind  that  in  breaking  hard  material,  such  as  hard  limestone,  the  dust 
made  by  the  machine  was  only  abont  two  thirds  as  much  as  that 
made  in  hand  breaking.  The  machine  was  intended  for  breaking 
materials  that  were  too  hard  to  be  suitable  for  breaking  by  hand 
and  would  cost  too  much  if  broken  sufficiently  small  by  hand ;  but 
softer  stone  might  still  be  broken  by  hand  at  a  cheap  rate.  In  road 
making,  the  size  of  the  stones  laid  down  was  of  great  importance  to 
the  durabihty  and  usefulness  of  the  road:  at  present  a  newly 
macadamised  road  was  not  fit  for  some  time  for  horses  or  vehicles 
to  pass  over,  and  by  the  time  it  became  ready  for  use  it  was  already 
half  worn  out,  and  in  holes  in  some  places ;  but  if  the  stones  were 
broken  small  enough  to  go  through  a  1|  inch  ring,  and  then  the 
chippings  laid  on  the  top  of  these,  a  compact  road  would  be 
obtained  ready  for  immediate  use.  By  hand  labour  however  it  was 
of  course  impossible  to  get  the  stone  broken  so  small  as  that,  on 
account  of  the  great  expense,  as  breaking  down  stones  to  1^  inch 
size  was  double  the  work  of  breaking  them  down  to  2  inches  size ; 
and  here  therefore  the  machine  had  a  decided  superiority. 

The  Chairman  enquired  how  many  of  the  machines  were  now  at 
work  in  England. 

Mr.  Marsden  repHed  that  there  were  now  about  fifty  of  the 
machines  at  work  in  this  country,  several  of  which  were  being 
employed  to  break  stones  for  macadamising  roads ;  some  of  these 
were  in  country  districts  where  there  was  an  agricultural  engine  at 
hand,  which  would  otherwise  be  standing  idle  for  a  great  part  of 
the  year.  The  machines  were  always  made  self-feeding  wherever 
practicable,  either  by  a  slanting  shoot  when  the  stone  was  at  a 
higher  level,  or  by  elevators  to  raise  it  firom  below  into  the  jaws  of 
the  machine.  One  of  the  machines  at  a  quarry  had  been  fixed  on 
the  side  of  the  hill,  with  an  inclined  shoot  for  the  stones  to  pass 
direct  into  the  machine,  and  by  that  mode  of  feeding  one  man  could 
feed  100  tons  of  stone  per  day  into  the  machine,  thus  doing  what 
would  be  the  work  of  four  men  if  the  stone  were  fed  in  by  hand. 
"With  the  addition  of  a  tramway  to  bring  up  the  wagons  immediately 
under  the  machine,  he  had  seen  a  train  of  twelve  wagons  loaded  in 
twenty  minutes,  by  merely  lifting  a  trap  door  of  the  bin  and  letting 
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the  broken  stone  mm  into  the  wagons.  And  when  the  stone  was 
quarried  in  the  side  of  a  hill  and  passed  by  a  shoot  direct  into  the 
jaws  of  the  machine  and  thence  into  the  wagons  beneath,  it  was 
found  that  it  could  be  broken  and  delivered  fifty  miles  away  by  rail 
at  less  expense  than  it  had  formerly  cost  for  loading  and  delivering 
the  rough  stone.  Where  the  stone  had  to  be  lifted  by  hand  into  the 
jaws  of  the  machine  it  generally  cost  an  additional  Id.  per  ton.  The 
machine  at  the  Kirkless  Hall  Works  was  placed  at  a  level  part  of  the 
works,  so  that  there  was  no  fiujility  in  that  case  for  making  it 
self-feeding,  as  it  could  not  be  placed  below  the  level  of  the  materials 
to  be  crushed.  All  the  stone  had  therefore  to  be  lifted  into  the  jaws 
by  hand,  and  he  had  known  as  much  as  30  tons  per  day  thrown  in 
by  one  man,  at  a  cost  of  2».  6d.  in  that  instance.  That  was  the  first 
machine  put  to  work  in  England,  and  all  the  machines  now  in  use 
in  this  country  had  been  introduced  since  1862. 

Mr.  J.  B/AMSBOTTOM  had  seen  the  machine  at  work  at  the  Kirkless 
Hall  Works  on  the  occasion  of  the  Liverpool  Meeting  of  the 
Institution  last  August,  and  was  much  struck  with  the  simplicity 
of  its  construction  and  its  low  cost,  and  its  excellent  action  in 
breaking  the  limestone  and  ore  for  the  blast  ftimaces.  He  thought 
the  machine  might  be  apphed  with  advantage  to  breaking  stones  for 
ballast  for  the  permanent  way  of  railways,  where  it  would  be  a  great 
improvement  to  have  the  ballast  of  uniform  quahty  throughout,  so 
as  to  form  an  even  and  durable  road. 

Mr.  E.  A.  CowPER  had  also  seen  the  machine  at  work  in  the 
North  of  England,  employed  in  breaking  blast-furnace  cinder  for 
making  roads,  in  which  it  appeared  very  effective,  though  seeming 
to  make  rather  too  much  dust  in  the  process.  With  regard  to  the 
utiHty  of  breaking  stones  small  for  macadamising,  he  thought  2  inch 
stones  were  not  too  large  for  the  purpose  if  a  heavy  roUer  were 
passed  over  the  road,  supposing  the  road  had  been  softened  by  water 
or  recently  picked  up.  The  effect  of  passing  a  roller  over  was  to 
bring  the  flat  sides  of  the  triangular  or  pyramidal  pieces  of  stone 
uppermost,  and  he  had  seen  a  macadamised  road  made  in  that  way 
in  beautiful  condition  after  a  heavy  roller  had  been  twice  passed 
over  it ;  the  rolling  of  a  road  was  thus  a  matter  of  great  importance 
as  a  measure  of  economy,  for  it  saved  the  great  waste  caused  by  the 
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stones  rolling  about  and  being  gradually  ground  away  before  they 
settled  or  became  imbedded  in  the  road.  In  the  working  of  the 
machine  he  had  occasionally  seen  hard  stones  become  jammed, 
but  they  always  gave  way  gradually  under  the  constant  crushing 
action  of  the  machine,  and  were  finally  crushed  to  pieces  without 
having  strained  or  damaged  the  machine.  This  was  readily 
explained  by  the  consideration  that  the  action  of  the  jaws  upon 
a  substance  too  hard  for  them  to  crush  entirely  through  was  to 
crumble  away  the  edges  of  the  substance  immediately  in  contact 
with  the  jaws,  and  then  the  broken  particles  reduced  the  Mction 
between  the  surfaces  and  acted  to  some  extent  as  a  lubricator, 
allowing  the  hard  substance  to  slip  upwards  in  the  jaws  and  relieve 
the  pressure ;  and  by  this  continual  biting  action  he  could  under- 
stand how  any  substance  which  was  not  actually  harder  than  the 
surfiice  of  the  chiUed  cast  iron  jaws  themselves  might  be  gradually 
crumbled  away  and  at  last  broken  up. 

Mr.  Marsden  remarked  that  there  was  a  difference  in  the  make 
of  the  jaws  in  the  machines  intended  for  breaking  stones  for  roads, 
where  it  was  desirable  to  avoid  making  dust,  and  in  those  used  for 
crushing  "bulldog"  for  lining  puddling  furnaces,  where  it  did  not 
matter  making  dust.  For  the  latter  purpose  the  teeth  of  the  jaws 
were  made  flatter,  the  depth  of  the  corrugations  being  only  about 
I  inch,  Fig.  8,  Plate  4;  whereas  in  the  machines  intended  for 
breaking  stones  for  roads  the  corrugations  were  made  sharper, 
Fig.  9,  projecting  f  inch  instead  of  ^  inch,  the  teeth  being  spaced 
at  the  same  pitch  apart  in  both  cases,  2|  inches  centre  to  centre. 
The  point  of  the  teeth  was  made  flat  for  |  to  |-  inch  breadth,  with 
the  edges  just  rounded  off.  One  of  the  machines  with  the  sharper 
teeth  was  now  employed  at  a  chemical  works  at  Gateshead  for 
crushing  pyrites,  where  it  was  desired  to  make  the  least  dust 
possible,  and  it  had  proved  highly  satisfactory  for  this  purpose ;  other 
modes  of  crushing  the  material  had  previously  been  tried  there,  but 
they  had  all  been  found  expensive  and  made  a  great  deal  of  dust. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Lancaster  for  his 
paper,  which  was  passed. 


The  following  paper  was  then  read : 
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DESCRIPTION  OP  A  HORIZONTAL  V  PUMP. 


Bt  Me.  JOHN  J.  BIBOKEL,  op  Liveepool. 


The  Pninp  forming  the  subject  of  the  present  paper  is  shown 
in  Pigs.  1,  2,  and  3,  Plates  5  and  6,  which  represent  a  double 
puHLp  of  this  kind  as  constructed  at  the  Vauxhall  Foundry, 
Liverpool.  In  this  pump  the  barrel  is  horizontal  and  moves  upon  a 
stationary  bucket,  instead  of  the  bucket  moving  within  a  stationary 
barrel  as  in  an  ordinary  pump;  and  it  is  termed  a  V  pump  on 
account  of  the  peculiar  shape  of  both  barrel  and  bucket.  Fig.  1, 
Plate  5,  is  a  transverse  section  through  the  two  pump  barrels,  and 
Fig.  2  a  longitudinal  section  of  the  pump  through  one  of  the 
barrels:  Fig.  3,  Plate  6,  is  a  plan.  Fig.  4,  Plate  7,  shows  a 
longitudinal  section  of  one  of  the  barrels  to  a  larger  scale,  and 
Fig.  5,  Plate  8,  is  a  corresponding  transverse  section. 

The  lower  half  A  of  the  barrel.  Figs.  1  and  2,  Plate  5,  acts  as  a 
stationary  bed,  being  fixed  water-tight  to  the  foundation  plate  B ; 
the  working  portions  are  planed  true  throughout  their  entire 
length,  and  the  angle  of  the  V  is  90  degrees,  as  seen  in  the 
transverse  sections.  Figs.  1  and  5.  The  upper  or  sHding  half  C  of 
the  barrel  is  also  planed  true  throughout  its  length  inside,  as  well 
as  upon  its  return  flanges,  which  make  a  water-tight  joint  with 
the  lower » half  A.  The  barrel  is  made  complete  by  the  two  end 
covers  D  D,  in  each  of  which  is  an  aperture  closed  by  a  leather 
flap  valve  E,  Fig.  4,  Plate  7 ;  these  covers  are  bolted  on  the  sliding 
barrel  C,  and  are  fitted  true  by  planed  faces  upon  the  V  bed  A, 
with  which  they  make  a  water-tight  joint.  A  handle  F,  Figs.  1  and  2, 
is  fixed  to  the- sliding  barrel  C  for  convenience  of  lifting  it  out  of  its 
seat.  The  stationary  bucket  G,  Figs.  2  and  4,  is  fixed  to 
the  bed  A,  and  makes  a  water-tight  joint  both  with  the  bed  A 
and  with  the  sliding  barrel  C ;  it  communicates  by  means  of  the 
central  opening  with  the  suction  chamber  H,  Figs.  I  and  5,  and 
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opens  at  botli  ends  into  the  pump  barrel,  each  opening  being 
provided  with  a  leather  flap  valve  I,  Fig.  4.  The  bucket  is  thus 
made  to  answer  as  the  suction  valvebox,  whereby  the  pump  is 
rendered  double-acting  by  means  of  only  a  single  valvebox. 

When  the  sUding  barrel  C,  Fig.  4,  Plate  7,  is  set  in  motion,  the 
water  is  drawn  into  it  at  one  end  through  one  of  the  suction  valves  I ; 
while  at  the  same  time  the  water  contained  in  the  other  end  of 
the  barrel  is  discharged  through  the  delivery  valve  E  at  that  end. 
The  delivery  .valves  E  are  prevented  fix)m  opening  too  fiir  by  the 
catches  J;  and  a  similar  provision  is  made  with  the  two  suction 
valves  I,  which  are  connected  together  by  a  chain.  The  pump 
wdrks  in  a  cistern  K  upon  the  foundation  plate  B,  Figs.  1  and  2, 
into  which  it  delivers  the  water  raised ;  and  a  continuous  discharge 
takes  place  through  the  overflow  spout  L,  which  is  placed  at  such  a 
height  as  to  keep  all  the  joints  of  the  pump  constantly  immersed 
in  the  water,  thus  making  them  air-tight.  When  it  is  desired  to  use 
the  pump  as  a  force  pump,  it  is  only  necessary  to  close  the  top  of 
the  cistern,  and  provide  a  rising  main  from  the  cistern  to  the  height 
at  which  the  water  is  to  be  delivered. 

The  pump  is  either  worked  directly  by  a  steam  cylinder  or  by 
gearing;  but  the  purposes  for  which  it  is  best  adapted,  name^^ 
drainage  and  irrigation,  render  it  generally  more  convenient  and 
more  profitable  to  work  the  pump  direct  by  a  steam  cylinder.  The 
piston  rod  of  the  latter  is  then  prolonged  and  works  through  a 
stuffing-box  into  the  cistern  K,  with  a  crosshead  on  the  end  of  the 
rod  for  attaching  it  to  the  sHding  barrel  G,  as  shown  in  Figs.  2  and  3, 
Plates  5  and  6.  In  the  double  pump  here  shown,  each  barrel  G  is 
worked  by  a  separate  steam  cylinder,  and  the  general  arrangement 
of  the  cylinders  is  similar  to  that  adopted  in  locomotive  engines,  the 
two  being  coupled  at  right  angles  with  a  flywheel  between  them. 
The  whole  mechanism  resting  upon  one  foundation  plate  B  is  thus 
self-contained,  and  entails  only  a  minimum  outlay  for  foundationB, 
whilst  it  may  be  easily  shifted  from  one  place  to  another. 

The  following  pr^bctical  advantages  are  considered  to  be  attained 
by  this  construction  of  pump.     By  making  the  barrel  and  the 
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imcket  in  <ihe  V  shape,  the  working  parts  have  a  tendency  to  wear 
tfaemselyes  tme  and  tight,  instead  of  wearing  themselyes  ont  of 
tmth  and  leaky  as  in  the  case  of  an  ordinary  cylindrical  bucket 
pmnp ;  and  it  appears  that  in  practice  this  is  found  to  be  the  actual 
result  of  working.  This  is  an  advantage  of  great  importance  in 
countries  where  skilled  mechanics  are  scarce,  and  where  not  only 
are  frequent  repairs  expensive  in  themselves,  but  the  stoppages 
caused  thereby  are  a  source  of  still  greater  loss. 

It  is  also  found  in  practice  that  the  V  pump  makes  a  considerably 
better  vacuum,  and  consequently  raises  a  greater  column  of  water 
than  pumps  of  the  ordinary  construction.  It  may  be  assumed  that 
a  vacuum  of  22  feet  column  of  water  is  aU  that  may  be  expected 
in  regular  work  from  an  ordinary  bucket  pump;  whereas  it  has 
been  ascertained  by  actual  trial  at  Liverpool  with  a  V  pump 
constructed  at  the  VauxhaU  Foundry  that  it  creates  a  vacuum  of 
28  feet  of  water,  showing  a  difference  of  21  per  cent,  in  its  favour. 
This  may  however  be  accounted  for  by  the  ends  of  the  sUding 
barrel  0,  Fig.  4,  Plate  7,  being  allowed  to  move  close  up  to  the 
bucket  G ;  and  also  by  the  joints  being  all  constantly  immersed  in 
the  water.  The  advantage  thus  obtained  may  in  many  cases  be  of 
great  importance. 

The  V  pump  occupies  considerably  less  space  than  an  ordinary 
double-acting  horizontal  pump,  the  difference  in  length  for  pumps  of 
the  same  stroke  being  about  equal  to  the  length  of  one  valvebox. 
The  construction  of  the  V  pump  also  allows  ready  access  to  all  the 
parts,  and  renders  any  repairs  easy,  and  to  that  extent  less 
expensive.  It  is  only  necessary  to  lift  up  the  sHding  barrel  C, 
Figs.  1  and  2,  Plate  5,  by  means  of  the  handle  F,  as  it  is  not  fixed 
down  in  any  way,  and  the  whole  of  the  working  parts  are  then  ^ 
immediately  exposed  to  view. 

In  calculating  the  percentage  of  loss  in  usefiil  work  by  the 
friction  of  the  moving  parts  in  this  pump  as  compared  with  an 
ordinary  bucket  pump,  the  coefficient  of  friction  of  metal  surfaces 
working  under  conditions  similar  to  those  of  the  sliding  parts  of  the 
pump  may  be  taken  from  Morin's  experiments  to  be  0*16,  that  is  the 
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friction  is  16  per  cent,  of  the  whole  pressure  on  the  rubbing  snr&ces. 
But  in  the  present  V  pnmp  where  the  rubbing  surfeces  are  indined  to 
the  horizon  at  45  degrees,  this  coefficient  has  to  be  increased  in  the 
ratio  of  1  to  the  square  root  of  2 ;  and  the  corrected  coefficient  is 
therefore  taken  as  0*22,  that  is  the  friction  is  22  per  cent,  of  the 
sliding  load.  Hence  if  w  represent  the  whole  pressure  of  the 
vacuum  in  lbs.  upon  one  foot  length  of  the  sliding  barrel,  and  I  the 
length  of  stroke  of  the  barrel  in  feet,  the  mean  pressure  during  the 
entire  stroke  will  be  |  w  Z ;  and  therefore  the  whole  amount  of 
friction  to  be  overcome  during  a  complete  stroke  is  equal  to 
0*22  X  I  w  Z  ■,  neglecting  the  weight  of  the  sUding  barrel  itself. 

Now  taking  the  vacuum  pressure  on  the  sliding  barrel  in 
ordinary  working  to  be  10  lbs.  per  square  inch,  the  useftd  work 
performed  in  one  stroke  of  1  foot  4  inches  with  a  bucket  11  inches 
square  is 

(11  iDfl.  X  11  ins.  X  10  lbs.)  x  1-33  ft.  =  1609  foot  pounds. 

And  the  inside  width  of  the  sUding  barrel  measured  horizontally 
being  15^  inches,  the  work  absorbed  by  friction  is  found  by 
substituting  the  numerical  values  in  the  expression  previously 
obtained  (0*22  x  |  w  Z  «),  and  amounts  to 

0-22  X  i  (12  ins.  X  15|  ins.  x  10  lbs.)  x  (1-33  ft.)  «  =362  footpounds, 
which  is  equal  to  22  per  cent,  of  the  useftd  work,  1609  foot  pounds. 
The  weight  of  the  sliding  barrel  itself  is  about  360  lbs.,  equivalent  to 
about  300  lbs.  when  immersed  in  water,  which  will  give  an  additional 
friction  of  0-22  X  300  lbs.  X  1*33  fb.=88  foot  pounds,  making  the 
total  loss  by  friction  362  +  88=450  foot  pounds,  or  28  per  cent, 
of  the  useful  work. 

From  the  same  data  it  may  be  calculated  that  in  a  common 
bucket  pump  the -work  absorbed  by  fiiction  of  the  bucket  is  nearly 
12  per  cent.,  and  it  has  been  given  by  Rankine  as  10  per  cent,  of 
the  useful  work,  showing  an  advantage  in  fe,vour  of  the  common 
pump  in  fiiction ;  but  in  the  writer's  opinion  the  increased  fiiction 
of  the  V  pump  as  above  ascertained  is  compensated  for  by  the 
advantages  attending  this  pump  as  already  described.  It  should 
be  borne  in  mind  also  that,  since  the  work  in  ftiction  of  the  sliding 
barrel  increases  as  the  square  of  the  length  of  stroke,  whereas  the 
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ngeM  work  increaaes  only  in  tlie  simple  ratio  of  the  stroke,  tlie 
percentage  of  loss  by  friction  will  increase  in  proportion  to  the 
length  of  stroke,  xmless  there  is  at  the  same  time  a  proportionate 
increase  in  the  area  of  the  bucket.  For  instance,  with  a  bucket 
9  inches  square  and  a  stroke  of  2  feet,  the  capacity  of  stroke  would 
be  the  same  as  in  the  example  above  given,  and  the  usefdl  work 
would  consequently  be  the  same  :  but  the  percentage  of  the  friction 
as  compared  with  the  useful  work  would  then  amount  to  42  per 
cent.  It  therefore  follows  that  the  ratio  of  the  side  of  the  square 
bucket  to  the  length  of  stroke,  which  in  the  pump  shown,  in  the 
drawings  is  1  to  IJ  nearly,  should  not  be  exceeded,  but  rather 
reduced.  K  for  instance  this  ratio  were  made  1  to  IJ,  the  above 
loss  of  28  per  cent,  by  friction  would  be  reduced  to  24  per  cent. 

Six  of  the  V  pumps  have  been  employed  on  the  main  drainage 
works  in  London  for  pumping  out  foundations,  where  there  was 
a  great  quantity  of  sand  mixed  with  the  water,  so  that  they  were 
Hterally  working  and  grinding  in  sand  most  of  the  time.  These 
pumps  were  worked  by  power  and  used  in  the  roughest  possible 
manner;  but  they  were  nevertheless  worked  for  more  than  six 
months  before  requiring  any  replaning.  A  number  of  these  pumps 
•  worked  by  hand  have  also  been  in  use  for  several  years  in  farm 
yards,  manure  factories,  and  other  places,  without  requiring  any 
repairs,  excepting  where  they  are  continually  at  work,  and  then  only 
the  valves  require  re-leathering. 


The  Chairman  enquired  whether  the  pump  had  been  employed  in 
other  countries  besides  England. 

Mr.  BiRCKEL  repHed  that  three  or  four  of  the  pumps  had  been 
made  for  Egypt  for  the  purposes  of  irrigation,  and  one  of  them,  a 
pump  of  6  horse  power,  had  now  been  at  work  there  for  twelve 
months.  In  that  country  along  the  banks  of  the  Nile  the  water 
had  generally  to  be  raised  a  height  of  from  22  to  28  feet  for 
irrigating  the  land  when  the  river  was  at  its  lowest  level ;  and  in  that 
case  therefore  the  pump  now  described  came  in  very  conveniently, 
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because  it  coidd  be  fixed  above  the  level  of  high  water  and  would 
still  raise  the  water  by  suction  at  all  times  from  the  river,  even 
when  the  water  was  at  its  lowest  point,  without  requiring  to  be 
shifted  and  refixed  at  a  higher  level  when  the  water  rose. 

The  Chairman  observed  that  the  principal  advantage  of  the 
pump  appeared  to  be  the  hdHty  it  afforded  for  getting  at  the 
working  parts  by  simply  lifting  up  the  sliding  barrel ;  and  he  asked 
whether  the  sliding  barrel  was  made  of  cast  iron  or  of  brass,  and 
whether  it  was  not  expensive  in  fitting  up. 

Mr.  BiBGKSL  repHed  that  the  whole  of  the  pump  was  made  of 
cast  iron,  and  in  the  fitting  up  it  was  certainly  more  expensive  than 
an  ordinary  pump,  because  the  working  fitces  instead  of  being  bored 
had  all  to  be  planed  and  afterwards  scraped  a  little.  The  entire 
cost  however  did  not  differ  much  from  that  of  an  ordinary  pump, 
the  pumps  sent  to  Egypt  having  been  supplied  by  preference  on 
account  of  their  special  applicability  to  that  particular  case,  without 
costing  much  more  than  ordinary  pumps  of  the  same  power. 
Besides  the  fiuulity  of  getting  at  the  working  parts,  the  other 
principal  advantage  of  the  V  pump  was  the  tendency  of  the  rubbing 
&ces  to  wear  themselves  tme  in  working  on  account  of  their  shape. 

The  OHAiBMAEr  suggested  that  there  would  probably  not  be  much 
advantage  in  the  trouble  and  expense  bestowed  on  fitting  up,  after 
tiie  pump  had  been  at  work  for  a  iame,  on  account  of  the  wear  of 
the  rubbing  faces,  particularly  if  it  were  working  in  water  that 
contained  much  sand. 

Mr.  BiBCEEL  remarked  that  the  object  of  planing  and  scraping  the 
rubbing  fisices  was  that  by  their  being  made  a  good  fit  in  the  first 
instance  there  might  be  less  chance  of  the  sand  getting  into  the 
pump. 

The  Chairman  observed  that  the  fidction  in  the  V  pump  must  be 
considerably  more  than  in  the  conmion  pump,  as  had  been  stated ; 
and  he  enquired  whether  this  was  compensated  for  by  any  greater 
percentage  of  usefiil  effect  in  delivery  of  water. 

Mr.  BntOKEL  replied  that  the  delivery  of  water  by  the  V  pump 
was  96  per  cent,  of  the  volume  of  the  pump,  giving  only  5  per  cent, 
loss  of  water,  on  account  of  the  better  vacuum  obtained  by  the 
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pump  workiiig  immersed  in  water;  whereas  in  ordinary  bucket 
pmnps  he  believed  there  was  generally  10  per  cent.  loss. 

Mr.  F.  J.  Bramwell  remarked  that  there  appeared  to  be  three 
advantages  attributed  to  the  constoiction  of  pump  now  described, 
as  compared  with  an  ordinary  pump :  namely  facility  of  access  to 
ike  working  parts,  tendency  of  the  rubbing  surfiwjes  to  wear  true 
in  work,  and  better  vacuum  obtained :  but  in  none  of  these  respects 
did  he  think  the  superiority  of  the  new  pump  was  satis&ctorily 
substantiated.  As  regarded  ease  of  accdss  to  the  working  parts, 
that  advantage  was  lost  as  soon  as  the  pump  "was  used  as  a  force 
pump ;  and  even  confining  the  question  to  suction  pumps  alone,  he 
did  not  consider  that  an  ordinary  pump  presented  any  real  difficulty 
iu  the  way  of  an  examination  of  the  working  parts  whenever 
anything  got  out  of  order.  In  reference  to  the  rubbing  surfaces 
wearing  true  in  continued  working,  he  thought  that  was  at  best  only 
a  slight  advantage  and  not  one  that  would  compensate  for  the  loss 
by  Motion,  which  must  be  much  greater  than  in  a  common  pump ; 
moreover  it  appeared  a  question  whether  it  would  be  found  in 
practice  that  the  wear  was  equal  on  the  piston  and  on  the  edges  of 
the  sliding  barrel.  As  to  the  vacuum  obtained,  he  considered  the 
case  of  the  ordinary  pump  was  understated  when  it  was  represented 
as  not  drawing  more  than  22  feet  height  of  suction ;  and  if  both 
pumps  were  immersed  in  water  he  did  not  see  how  the  present 
pump  would  do  more  than  an  ordinary  one.  There  were  hardly 
any  stationary  engines  where  the  air  pump  was  not  immersed  in 
water,  and  in  all  cases  the  vacuum  was  much  greater  than  what 
would  correspond  to  22  feet  column  of  water.  In  the  present 
instance,  in  consequence  of  the  barrel  of  the  pump  being  the  moving 
portion,  the  result  of  working  it  at  all  rapidly  would  be  that  a  large 
amount  of  power  would  be  uselessly  spent  in  simply  agitating  the 
water  in  the  tank.  He  therefore  did  not  see  any  advantage  in  the 
new  pump  as  compared  with  an  ordinary  pxmip. 

Mr.  BiBCKEL  said  the  advantage  of  ready  access  to  the  working 
parts  was  certainly  lost  when  the  pump  was  used  as  a  force  pump, 
owing  to  its  then  being  covered  in;  and  it  was  therefore  not 
recommended  to  be  used  except  as  a  suction  pump.    It  was  thought 
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a  practical  advantage  to  have  all  tlie  working  parts  exposed  to  view 
by  simply  lifting  np  tlie  sliding  barrel  of  tbe  pnmp,  instead  of  having 
to  break  water-tight  joints  in  order  to  open  the  valveboxes  at  each 
end  of  an  ordinary  horizontal  pnmp ;  and  the  small  cushion  of  air 
that  remained  in  the  sliding  barrel  when  it  was  put  down  again  in 
its  place  was  a  trifling  amount  compared  with  the  quantity  left  in 
the  valveboxes  of  an  ordinary  pump  when  they  were  closed  after 
examination. 

Mr.  H.  Woods  thought  the  height  of  lift  that  had  been 
mentioned  of  ordinary  pumps^  22  feet,  was  much  below  the  average 
that  was  attained  in  practice.  He  had  had  one  pump  of  ordinary 
construction  at  work  for  twelve  months  night  ^nd  day,  and  tlie 
average  height  of  lift  had  been  26  J  to  27  feet ;  and  he  had  no  doubt 
that  that  height  of  lift  could  be  relied  upon  with  any  ordinary  well 
made  pump. 

Mr.  BiRCKEL  did  not  think  that,  though  it  might  be  obtained 
with  a  pump  in  good  order,  27  feet  of  lift  could  be  practically 
relied  upon  with  any  safety  as  the  height  for  an  ordinary  suction 
pump ;  whereas  the  V  pump  had  drawn  28  feet  of  water  whilst 
standing  on  the  pier  head  at  Liverpool,  without  being  primed  with 
water  to  start  it,  and  with  the  tank  completely  empty. 

Mr.  H.  Maudslat  remarked  that  it  was  fortunate  for  the  pump 
now  described  that  the  banks  of  the  Nile  at  low  water  happened  to 
be  no  higher  than  the  pump  could  draw  by  suction,  otherwise  its 
advantage  of  facility  of  access  would  be  lost.  Vertical  pumps  for 
irrigation  from  the  Nile  had  also  been  made  by  his  own  firm,  of  tlie 
ordinary  construction ;  and  where  the  banks  were  too  high  to  lift 
the  water  by  suction,  the  engine  was  fixed  on  the  top  of  the  baiik, 
working  the  pump  at  a  lower  level  by  a  long  piston  rod  passing 
direct  from  the  steam  cylinder  to  the  cylinder  of  the  pump  below. 
In  pumping  dirty  water  however  it  was  difficult  to  keep  ordinary 
pumps  in  working  order,  and  in  that  respect  the  pump  now  described 
appeared  advantageous  and  deserving  of  attention ;  in  pumping  up 
the  sewage  of  London  it  had  been  found  very  efficient,  the  height 
to  which  the  sewage  had  to  be  raised  to  reach  the  outlet  being 
below  the  limit  at  which  the  pump  would  work  as  a  suction  pump. 
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He  had  seen  the  pxunp  at  work  for  this  purpose,  and  also  for 
pumping  water  out  of  excavations  where  it  appeared  to  be  raising 
a  large  quantity  of  sand  with  the  water.  There  was  however  a 
great  disturbance  and  splash  of  the  water  in  which  the  pump 
was  immersed,  by  the  motion  of  the  barrel  sliding  backwards  and 
forwards,  and  that  must  absorb  a  large  portion  of  the  power  to  no 
purpose  ;  but  he  had  not  the  means  of  ascertaining  the  percentage 
of  result  to  power  employed. 

Mr.  BmCKEL  said  the  disturbance  of  the  water  was  mainly  owing 
to  the  discharge  of  the  contents  of  the  bucket  into  the  tank  at  each 
stroke ;  and  the  speed  of  the  bucket  itself  being  not  more  than 
about  110  feet  per  minute,  he  thought  it  could  not  have  any  material 
effect  in  disturbing  the  water  in  the  tank.  The  new  pump  was  not 
expected  by  any  means  to  supersede  the  ordinary  pump,  but  was 
only  regarded  as  particularly  suitable  for  the  special  cases  to  which 
it  had  already  been  advantageously  appUed :  for  very  large  pumps 
he  did  not  think  it  would  prove  efficient,  on  account  of  the  increased 
size  and  weight  of  the  sliding  barrel  and  the  consequent  increased 
wear  of  the  working  parts. 

Mr.  J.  Penn  observed  that  in  the  new  pump  the  pressure  on  the 
sHding  barrel  and  consequently  the  friction  of  the  working  faces 
would  increase  with  the  height  of  Hft,  which  was  not  the  case  in  an 
ordinary  pump  packed  with  leather  or  having  a  soUd  bucket  closely 
fitting  the  cylinder  without  packing. 

Mr.  BiRCKEL  thought  that  in  an  ordinary  pump  having  the 
bucket  packed  with  leather  the  friction  must  be  assumed  to  increase 
with  the  head  of  water,  as  he  thought  the  pressure  would  act  behind 
the  packing  to  press  it  against  the  cylinder. 

Mr.  E.  HuMPHRYS  did  not  think  that  was  the  case,  and  it  was 
certainly  not  so  with  metallic-packed  pistons,  the  friction  of  which 
did  not  increase,  however  much  the  pressure  of  water  might  be 
increased;  whereas  in  the  new  pump  the  pressure  on  the  sliding 
barrel  was  proportional  to  the  height  of  lift,  and  would  be  still 
further  increased  if  the  pump  were  used  as  a  force  pump.  On  the 
whole  he  thought  the  construction  of  the  pump  was  a  step 
backwards  rather  than  an  improvement. 
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Mr.  J.  C.  Wilson  observed  tliat,  in  reference  to  the  alleged 
tendency  of  the  sKding  barrel  to  wear  itself  tight  in  working,  he 
thought  this  would  not  be  altogether  the  case ;  for  at  the  bottom  of 
the  V  in  which  it  worked  any  sand  and  dirt  from  the  water  would 
be  liable  to  lodge,  and  would  cause  the  point  of  each  end  of  the 
barrel  to  be  ground  away.  He  enquired  what  had  been  found  to 
be  the  result  of  practice  in  this  respect. 

Mr.  BiRCKEL  had  not  himself  been  acquainted  with  the  working 
of  the  pumps  for  any  length  of  time ;  but  the  pumps  employed  at 
the  main  drainage  works  in  London,  where  there  was  much  sand  in 
the  water,  had  worked  six  months  before  requiring  any  replaning. 

Mr.  E.  HuMPHRTS  enquired  why  the  new  pump  was  stated  to 
make  a  better  vacuum  than  an  ordinary  pump  :  he  considered  if  an 
ordinary  pump  were  worked  under  water  in  the  same  way  it  would 
produce  as  good  a  vacuum. 

Mr.  BiRCKEL  had  no  doubt  the  vacuum  would  be  as  good  in 
ordinary  pumps  if  immersed  in  water,  but  they  were  not  usually 
worked  so,  on  account  of  the  diflB.culty  of  getting  to  the  working 
parts  if  permanently  immersed;  whereas  the  new  pump  was 
arranged  to  work  always  immersed  in  the  water  in  the  tank,  and 
still  have  all  the  working  parts  readily  accessible. 

The  Chairman  asked  what  would  be  the  advantage  in  working 
of  the  new  pump  over  an  ordinary  one  if  both  were  immersed  in 
water. 

Mr.  BiRCKEL  said  probably  the  only  advantage  in  that  case 
would  be  the  facility  afforded  by  the  construction  of  the  new  pump 
for  coming  home  very  close  to  the  ends  of  the  cylinder  in  each 
stroke,  leaving  not  more  than  |  inch  clearance ;  as  he  believed  a 
large  space  between  the  suction  valve  and  the  bucket  was  detrimental 
to  the  working  of  the  pump,  by  preventing  so  good  a  vacuum  from 
being  obtained. 

Mr.  E.  HuMPHRYS  thought  that  it  was  of  no  consequence  whether 
the  clearance  were  1  inch  or  |  inch,  as  that  had  no  appreciable 
effect  upon  the  vacuum.  In  a  common  pump  working  vertically 
the  air  would  be  discharged  first,  but  iu  the  new  pump  this  would 
not  be  so  perfectly  effected. 
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Mr.  B.  A.  CowPEE  considered  it  was  a  mistake  to  snppose  tlie  new 
pump  liad  any  advantage  over  tlie  ordinary  pnmp  in  respect  of 
clearing  itself  of  air  by  leaving  only  a  small  clearance  at  eacli  end  of 
the  stroke :  on  the  contrary  he  thought  the  advantage  in  this  respect 
was  on  the  side  of  the  ordinary  pnmp.  For  if  the  new  pnmp  were 
worked  at  aU  slowly,  the  air  wonld  accnmnlate  along  the  top  angle 
of  the  sliding  barrel,  and  wonld  not  discharge  itself  with  the  water, 
on  acconnt  of  the  horizontal  position  of  the  pnmp  :  bnt  in  an 
ordinary  vertical  pnmp,  the  air  rising  to  the  top  of  the  water  was 
the  first  to  pass  through  the  bucket,  and  thus  the  first  thing  the 
pump  did  in  each  stroke  was  to  clear  itself  completely  of  air. 
Moreover  in  pumping  water  containing  sand,  if  the  sand  did  not 
lodge  on  the  rubbing  surfaces  of  the  sides  in  the  new  pump,  it  would 
at  least  lodge  in  the  bottom  of  the  groove  and  cause  the  barrel  to 
grind  itself  away  at  that  part,  and  the  wear  would  be  much  worse 
he  thought  than  in  an  ordinary  vertical  pump  packed  in  the  usual 
manner,  where  no  sand  could  lodge  upon  the  sides  of  the  barrel. 
For  pumping  very  dirty  water,  such  as  sewage  at  ^drainage  works 
or  manure  ponds  in  agricultural  districts,  the  pump  might  be 
advantageous  as  affording  a  rough  and  ready  means  of  getting  at 
the  working  parts ;  but  in  other  cases  he  thought  the  work  wotdd 
be  done  with  less  loss  by  Motion  and  a  smaller  amount  of  wear 
and  tear  if  an  ordinary  pump  were  employed. 

Mr.  BmcKEL  observed  that  in  the  new  pump  the  space  at  the 
end  of  the  stroke  for  lodgment  of  air  might  be  further  diminished 
by  making  the  end  of  the  sliding  barrel  inclined  at  the  same  angle 
as  the  bucket,  so  that  the  quantity  of  air  remaining  in  the  pump 
would  be  reduced  to  the  least  amount. 

The  Chairman  remarked  that  there  must  still  be  some  air  left  in 
the  pump,  however  small  the  clearance  was  made;  but  in  the 
ordinary  pump,  as  had  been  shown,  no  air  whatever  remained,  the 
whole  of  it  being  expelled  at  the  beginning  of  each  stroke. 

He  proposed  a  vote  of  thanks  to  Mr.  Birckel  for  his  paper,  which 
was  passed. 

The  following  paper  was  then  read : — 
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ON  THE  IMPROVED  TRAVERSING  CRANES 
AT  CREWE  LOCOMOTIVE  WORKS. 


By  Me.  JOHN  EAMSBOTTOM,  op  Crewe. 


The  Traversing  Cranes  described  in  the  present  paper  are 
employed  in  the  locomotive  shops  of  the  London  and  North 
Western  Railway  at  Crewe,  where  they  were  designed  and  erected 
by  the  writer.  They  were  seen  in  action  by  the  members  on  tlie 
occasion  of  their  visit  to  the  Crewe  works  in  the  excursion  at  tlie 
Liverpool  meeting  of  the  Institution  last  summer.  From  the 
interest  manifested  in  them  on  that  occasion  and  the  numerous 
enquiries  that  have  since  been  made  respecting  them,  the  writer  has 
thought  that  a  description  of  the  principle  and  construction  of 
these  cranes  may  be  acceptable  to  the  members. 

There  are  seven  of  these  cranes  in  use  at  the  Crewe  works, 
which  have  been  working  successftdly  for  some  time,  the  first 
having  now  been  three  years  in  constant  work.  They  are  driven  by 
power  and  are  so  constructed  as  to  be  driven  by  a  light  endless  cord 
of  small  diameter,  extending  throughout  the  entire  length  of  the 
shop  traversed  by  the  crane.  This  cord  is  driven  at  a  very  high, 
speed,  nearly  60  miles  an  hour ;  in  consequence  of  which  only  a 
very  Hght  driving  pressure  is  required  on  the  shifting  gear  of  the 
crane.  The  driving  cord  is  kept  in  uniform  tension  by  the  action  of 
a  constant  weight ;  and  is  arranged  so  as  to  allow  of  the  cranes 
working  and  traversing  in  every  direction  without  sensibly  alTecting 
the  length  of  the  cord. 

The  cranes  are  of  two  classes :  Longitudinal  Overhead  Traversers, 
of  which  there  are  two  pairs  in  the  engine  repairing  shop,  lifting 
loads  up  to  25  tons ;  and  Traversing  Jib  Cranes,  of  which  there  is 
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one  pair  in  the  wheel  shop,  lifting  4  tons.  The  cranes  are  all  driven 
by  endless  cords  running  along  the  top  of  the  shops  close  to  the 
roof  tie-beams.  The  overhead  traversers  are  worked  in  each  case 
by  a  man  seated  on  a  platform  attached  to  the  crab  and  moving 
with  it ;  and  the  jib  cranes  by  a  man  standing  below  at  the  foot  of 
the  crane  and  walking  along  with  it  when  traversing :  each  man 
having  control  over  all  the  lifting,  lowering,  and  traversing  move- 
ments, by  a  set  of  handles. 

The  construction  of  the  cranes  is  shown  in  Plates  9  to  18. 
Figs.  1  to  17,  Plates  9  to  15,  show  the  overhead  traverser;  and 
Figs.  24  to  32,  Plates  16  to  18,  the  jib  crane. 

Fig.  1,  Plate  9,  is  a  transverse  section  of  the  engine  repairing 
shop  ;  and  Fig.  2  is  a  plan,  shortened  in  the  direction  of  the  length 
of  the  shop.  The  two  pairs  of  Overhead  Traversers  A  A  and  B  B 
work  on  two  parallel  sets  of  rails,  each  having  a  span  of  40  feet 
7  inches  and  a  longitudinal  traverse  of  270  feet.  The  girders 
forming  the  longitudinal  rails  are  carried  by  the  side  walls  and  by 
columns  at  a  height  of  16  feet  above  the  floor.  The  two  pairs  of 
traversers  are  separately  worked  by  the  endless  cords  0  C  and  D  D, 
each  cord  being  carried  down  the  side  of  the  shop,  and  returning 
along  the  same  side  but  at  4  feet  lower  level.  The  course  of  the 
cords  is  indicated  by  the  arrows.  In  order  to  communicate  motion 
to  the  traverser  and  crab,  the  driving  portion  of  the  cord  is  carried 
across  each  traverser  to  the  further  end  and  back  again  before 
passing  on  to  the  main  driving  pulley. 

The  cord  is  returned  round  a  tightening  pulley  E,  4  feet 
diameter,  at  the  end  of  the  shop.  Fig.  1,  Plate  9,  carried  in  a 
horizontal  sUding  frame  F,  as  shown  to  a  larger  scale  in  Figs.  3  and  4, 
Plate  10.  To  this  fiume  is  connected  a  weight  G,  Fig.  1,  for  the 
purpose  of  giving  the  requisite  tension  to  the  driving  cord,  and 
taking  up  any  stretching  or  temporary  variation  of  length  due  to 
change  of  load  or  weather.  The  tightening  frame  F  has  a  traverse 
across  the  end  wall  of  the  shop  giving  a  range  of  34  feet,  which 
takes  up  a  variation  in  the  length  of  the  cord  equal  to  twice  that 
amount. 
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The  Traverser  is  sliown  in  tlie  side  elevation  and  plan. 
Figs.  6  and  6,  Plate  11 ;  and  Figs.  7  and  8,  Plate  12,  are  transverse 
sections  at  tlie  end  and  at  the  centre.  It  is  constructed  of  two 
timber  beams  H  H,  trussed  with  wrought  iron  bars  ;  and  the  whole 
is  carried  by  four  flanged  wheels  mounted  in  the  cast  iron  carriages 
into  which  the  ends  of  the  beams  H  are  fixed. 

The  Longitudinal  Driving  G^ear  is  placed  at  J,  Figs.  5  and  6, 
Plate  11,  at  the  end  of  the  traverser,  and  is  shown  to  a  larger  scale 
in  Fig.  13,  Plate  14.  It  consists  of  a  double  friction-disc  K,  keyed 
on  the  vertical  spindle  of  the  driving  pulley  L  in  which  the  driving 
cord  runs.  The  spindle  footstep  and  guide  M  are  carried  by  the 
double  lever  N,  which  is  connected  to  the  short  lever  on  the 
horizontal  shaft  0.  This  shaft  extends  across  the  whole  length  of 
the  traverser,  as  shown  at  0  0  in  Figs.  10  and  12,  Plate  13,  and  is 
under  the  control  of  the  attendant  by  means  of  the  lever  I  sHding 
on  the  shaft  along  with  the  crab,  whereby  the  friction  disc  Bt, 
Fig.  13,  is  raised  or  lowered  so  as  to  be  brought  in  contact  with  the 
friction  pulley  P  either  at  bottom  or  at  top,  according  to  the  direction 
in  which  the  traverser  is  required  to  move.  The  motion  of  the 
friction  pulley  P  is  reduced  by  the  worm  and  worm  wheel  and  spur 
gear  to  the  pinion  shaft  Q,  which  is  carried  across  the  traverser 
from  end  to  end  and  by  means  of  pinions  drives  the  carrying  wheels 
at  each  end  of  the  traverser.  Fig.  6.  The  frictional  sur&ces  of  the 
driving  disc  K  are  composed  of  rings  of  alder  wood  cut  with  the 
fibre  on  end;  the  edges  of  the  wood  rings  are  bevilled,  and  they 
are  secured  in  their  places  by  an  inner  iron  ring,  as  shown  blaok 
in  Fig.  13. 

The  pulleys  for  returning  the  driving  cord  from  the  ftirther  end 
of  the  traverser  are  shown  separately  in  Fig.  17,  Plate  15.  They 
work  in  the  inclined  positions  shown,  in  order  that  the  cord  which 
has  passed  across  the  traverser  may  be  returned  at  1^  inch  lower, 
level,  and  at  the  same  time  in  a  different  vertical  plane,  as  shown 
at  A.  This  is  done  in  order  to  facilitate  the  lowering  and  lifting 
movements,  as  afterwards  described,  and  further  in  order  that  the 
two  cords  which  are  travelling  in  opposite  directions  may  not  rub 
against  each  other  by  the  swagging  of  either  of  them.     These 
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pulleys  are  keyed  upon  wronglit  iron  spindles  running  in  long 
bearings,  winch  are  placed  wholly  below  the  pnlleys,  on  account  of 
the  small  amount  of  clearance  between  the  roof  principals  and  the 
pulleys,  only  2|  inches.  The  weight  of  the  pulley  and  spindle  is 
taken  by  a  brass  footstep.  The  bearings  are  of  cast  iron,  and  are 
chambered  at  the  top  for  the  convenience  of  oiling,  which  is  done  by 
raising  the  pulley  by  hand  until  the  spout  of  an  ordinary  oil  can  wiU 
reach  the  chamber.  In  the  event  of  the  cord  leaving  the  pulleys 
from  any  cause,  guards  are  provided,  as  shown  at  A,  in  order  to 
prevent  accident. 

♦  The  Crab  of  the  traverser  is  shown  in  Figs.  9  to  12, 
Plates  12  and  13,  which  give  a  transverse  section,  a  longitudinal 
section,  and  a  plan.  It  consists  of  a  pair  of  cast  iron  frames, 
carrying  the  chain  barrel,  lifting  and  lowering,  and  traversing  gear ; 
the  whole  being  carried  upon  four  flanged  wheels  running  on  rails 
bolted  upon  the  traverser  beams  H  H. 

The  Lifting  and  Lowering  Gear  is  partly  shown  in  detail  to  a 
larger  scale  in  Fig.  14,  Plate  14.  The  double  grooved, pulley  R  is 
keyed  to  the  vertical  spindle,  and  is  put  in  motion  when  the  cord  is 
pressed  into  either  of  its  grooves  by  the  presser  pulleys  S  and  T. 
These  pulleys  are  of  cast  iron,  8  inches  working  diameter,  and 
are  mounted  on  short  wrought  iron  studs  tapped  into  the  radial 
arm  Z  on  which  they  are  carried,  as  shown  in  Figs.  15  and  16, 
Plate  14,  and  in  the  plans.  Figs.  11  and  12,  Plate  13.  The  heads  of 
the  studs  are  recessed  to  form  a  receptacle  for  oil.  Figs.  15  and  16, 
the  oiling  being  done  from  the  top,  through  a  hole  drilled  in  the 
stud  for  that  purpose.  When  at  rest  the  pulleys  are  clear  of 
the  cord,  and  are  therefore  only  running  when  work  is  being 
done.  The  stud  bearings  are  necessarily  short,  in  consequence  of 
the  small  amount  of  clearance  between  the  pulleys  and  the  roof 
tie-beams,  which  at  this  point  does  not  exceed  1|  inches,  as  seen  in 
Figs.  9  and  10.  The  grooves  in  the  driving  pulley  R,  Fig.  14,  are 
of  different  diameters,  whereby  different  velocities  are  obtained,  the 
smaller  being  u^ed  for  lowering  and  the  larger  for  Kfting ;  and  as 
the  two  portions  of  the  driving  cord  are  running  constantly  in 
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opposite  directions,  the  reversing  is  obtained  by  simply  pressing 
one  or  other  of  the  cords  into  contact  with  the  driving  pulley, 
by  the  presser  pnlley  S  or  T,  on  the  same  side  of  the  driving 
pulley  in  both  cases,  with  a  pressnre  proportionate  to  the  work  to 
be  done.  The  radial  arm  Z  carrying  the  presser  pulleys  S  and  T 
turns  upon  the  spiudle  A,  Fig.  14 ;  and  the  toothed  segment  B, 
which  is  part  of  the  same  casting  as  the  arm  Z,  gears  into  a  rack 
at  the  end  of  the  rod  C,  Fig.  11,  attached  to  the  hand  lever  D. 
The  lever  D  is  under  the  control  of  the  attendant,  and  is  held  in  its 
place  by  a  spring  catch  in  a  notched  sector. 

From  the  driving  pulley  R,  Figs.  9  and  12,  Plates  12  and  13, 
the  velocity  of  the  driving  cord  is  transmitted  and  reduced  through 
the  worm  and  worm  wheel  U,  Fig.  12.  In  order  to  economise  space 
the  shaft  of  the  worm  wheel  U  is  carried  through  the  hollow  shaft  on 
which  the  chain  barrel  V  and  its  spur  wheels  are  mounted.  The 
number  of  revolutions  is  ftirther  reduced  by  a  spur  pinion  and  wheel 
to  the  shaft  W,  on  which  slide  the  two  pinions  XX  of  different 
diameters,  gearing  alternately  into  the  spur  wheels  TT  also  of 
different  diameters,  which  are  keyed  to  the  chain  barrel  V,  so  as  to 
give  a  greater  or  less  purchase  as  required  for  heavy  or  light  loads, 
the  ratio  of  difference  being  about  4  to  1. 

The  Cross  Traversing  Gear  E,  Fig.  12,  Plate  13,  is  similar 
in  principle  to  the  lifting  gear.  The  two  grooves  of  the  driving 
pulley  F  are  however  of  the  same  diameter  in  this  case,  the  velocity 
of  traverse  being  the  same  in  both  directions.  The  pulley  F  is 
placed  on  the  opposite  side  of  the  driving  cord  to^he  pulley  R  of 
the  liftiQg  gear,  so  that  the  cord  when  used  for  traversing  may  not 
foul  the  lifting  pulley.  The  radial  arm  Q  carrying  the  pressor 
pulleys  belonging  to  the  driving  pulley  F  is  worked  by  a  rack  and 
segment  from  the  hand  lever  J,  Fig.  11,  which  is  adjacent  to  the 
hand  lever  D  of  the  lifting  and  lowering  motion. 

The  cross  and  longitudinal  traversing  movements  are  made  at 
the  rate  of  30  feet  per  minute.  The  heavy  loads  are  lifted  at 
the  rate  of  1  foot  7|  inches  per  minute,  and  the  light  loads  at  the 
rate  of  6  feet  6  inches  per  minute. 
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¥ig.  24,  Plate  16,  is  a  transverse  section  of  the  wheel  shop 

containing  the  pair  of  Traversing  Jib   Cranes ;  and  Fig.  25  is  a 

plan,  shortened  in  the  direction  of  the  length  of  the  shop.     Figs. 

26  and  27,  Plate  17,  are  a  vertical  section  and  front  elevation  of  one 

of  the  cranes.   Each  of  the  two  jib  cranes  A  A  has  a  radins  of  8  J  feet, 

and  a  traverse  of  120  feet  along  a  single  rail  bolted  to  the  floor ; 

and  is  guided  at  the  top  by  a  pair  of  rolled  girders  B  B,  Fig.  27, 

of  an  i-i  section.     The  top  of  the  crane  carries  the  guide  roller  C, 

which  jnst  fits  in  between  the  two  girders  B  and  serves  to  support 

the  crane  laterally  when  lifting  on  either  side  of  the  rail.    The  driving 

cord  is  carried  down  the  shop  and  back  again,  as  indicated  by  the 

arrows  in  the  plan.  Fig.  26,  jnst  below  the  roof  tie-beams.     In  its 

course  it  is  passed  round  nearly  half  the  circumference  of  the  driving 

pulley  D  of  each  crane,  by  means  of  the  two  guide  pulleys  E  E,  the 

one  crane  being  driven  by  the  outgoing  cord  and  the  other  by  the 

return  cord.     The  guide  pulleys  E  are  carried  by  a  guide  bracket 

upon  the  top  of  the  crane  post.  Fig.  26,  and  traverse  with  the  crane. 

The  tightening  gear  F,  Fig.  26,  is  similar  in  its  action  to  that 

already  described  for  the  overhead  traverser. 

The  crane  is  constructed  of  the  plate  box-frame  G,  Figs.  26  and  27, 
Plate  17,  forming  the  base,  and  carrying  the  vertical  cast  iron 
pillar  H,  round  which  the  outer  casing  and  its  attached  jib  K  revolve. 
The  driving  pulley  D  is  keyed  to  the  vertical  shaft  I  passing  down 
the  centre  of  the  crane  post,  and  from  this  shaft  all  the  motions  are 
taken  by  means  of  frictional  gear.  The  lifting  and  lowering  gear  J, 
shown  to  a  larger  scale  in  Figs.  29  and  30,  Plate  18,  consists  of  the 
double  friction-cone  of  cast  iron  L  L,  sliding  on  a  fast  key  on  the 
vertical  shaft  I,  and  moved  up  or  down  as  required  to  bring  the 
lower  or  upper  frictional  surfiwjes  into  contact  with  the  single 
friction-cone  M,  from  which  the  motion  is  transmitted  and  reduced 
through  the  worm  wheel  and  train  of  spur  gear  to  the  chain  barrel, 
as  shown  at  J  in  Fig.  26.  The  whole  is  carried  by  the  cast  iron 
bracket  N,  which  is  bolted  to  the  outer  casing  of  the  crane  pillar 
atid  revolves  with  it.  The  bearings  for  the  driving  shaft  I  above 
and  below  the  double  friction-cone  L  are  of  cast  iron;  but  the 
horizontal  worm-spindle  runs  in   a  brass  bush,  Fig.-  29,  the  end 
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pressure  when  lifting  being  taken  by  the  collar  of  the  bush  and  the 
end  step.  The  driving  cones  are  raised  or  lowered  by  means  of  the 
double  lever  O  O  and  brass  clutches,  as  shown  in  the  plan,  Fig.  30, 
on  each  side  of  the  boss  of  the  lower  cone  L.  These  levers  are 
placed  under  the  cones  instead  of  between  them,  in  order  that  any 
oil  thrown  off  the  collars  may  not  affect  the  friotional  surface.  The 
clutch  levers  are  connected  by  an  external  rod  to  the  hand  lever  P, 
Fig.  26,  at  a  convenient  height  for  the  man  working  the  crane. 

The  traversing  motion  shown  at  Q  in  Fig.  26,  Plate  17,  is  shown 
to  a  larger  scale  in  Fig.  31,  Plate  18.  It  is  similar  in  principle  to 
the  lifting  gear,  consisting  of  the  single  Mction-cone  R  keyed  on 
the  bottom  of  the  vertical  driving  shaft  I,  which  communicates 
a  backward  or  forward  traverse  when  either  face  of  the  double 
cone  S  is  brought  into  driving  contact  as  required ;  the  motion  being 
transmitted  to  the  carrying  wheels  by  the  horizontal  shaft  T  through 
the  trains  of  worm  and  spur  gear  indicated  in  Fig.  26.  The 
traversing  gear  is  applied  to  both  the  carrying  wheels  in  order  that 
there  may  be  sufficient  adhesion  when  the  load  overhangs  either  end 
of  the  crane,  which  would  not  be  the  case  if  only  one  wheel  were 
driven  and  the  load  overhung  the  opposite  end  of  the  crane. 
The  double  cone  S  is  moved  along  the  horizontal  shaft  T  by 
clutch  levers  U,  Fig.  31,  in  a  similar  manner  to  the  lifting  and 
lowering  gear,  the  clutch  being  worked  by  the  hand  lever  V,  Fig.  26. 
The  double  cones  S,  Fig.  31,  are  of  cast  iron:  but  the  driving 
cone  R  is  composed  of  a  cone  of  alder  wood,  which  is  fastened 
by  lock  nuts  and  studs  to  a  wrought  iron  disc  screwed  on  the 
coned  end  of  the  vertical  shaft  I,  as  shown  in  the  section.  Fig.  32. 
The  traversing  gear  is  carried  by  the  bracket  W,  Fig.  31,  which  is 
bolted  to  the  foot  of  the  centre  pillar  H,  Mg.  26.  The  bearings  of 
the  horizontal  shaft  T  are  of  cast  iron ;  and  the  bearing  of  the  foot 
of  the  driving  shaft  I  is  of  brass,  the  weight  of  the  shaft  being  taken 
by  the  collar  of  the  bush,  on  which  rest  the  lock  nuts  screwed  on 
the  shaft  at  that  point,  as  shown  in  Fig.  31,  forming  an  adjustable 
collar  for  taking  up  the  wear  and  keeping  the  driving  pulley  D, 
Fig.  26,  at  the  right  level  for  the  driving  cord.  The  horizontal 
shaft  T  is  carried  at  the  ends  by  cast  iron  brackets,  with  brass 
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bushes  to  take  the  end  thrust  in  traversing :  the  worms  are  pinned 
on  the  shaft. 

The  jib  K  of  the  crane,  Figs.  26  and  27,  Plate  17,  is  formed 
of  two  wrought  iron  bars,  stiffened  laterally  by  diagonal  trussing, 
and  tied  at  the  projecting  end  to  the  outer  pillar  of  the  crane  by 
two  tie  rods.  The  bottom  pressure  of  the  jib  is  taken  by  the 
roller  X,  which  is  carried  in  a  cast  iron  box  bolted  between  the 
projecting  sides  of  the  outer  casing  of  the  crane,  and  runs  on  the 
bevilled  base  of  the  cast  iron  crane  pillar  H.  The  base  Q  of  the 
crane  is  sufficiently  long  to  secure  its  stability  when  the  maximum 
load  is  lifted  over  the  rail,  or  lengthways  of  the  crane  base. 

In  these  cranes,  owing  to  the  high  speed  at  which  the  driving 
cord  runs,  the  power  is  applied  at  a  very  long  leverage  over  the  load 
to  be  lifted.  The  velocity  of  the  cord  is  in  all  cases  6000  feet  per 
minute ;  and  in  the  overhead  traversers  the  heavy  loads  are  lifted  at 
the  rate  of  1  foot  7|  inches  per  minute,  the  total  leverage  being 
slightly  over  3000  to  1 ;  so  that  in  this  case  the  driving  power 
required  to  lift  the  maximum  load  of  26  tons  is  only  18  lbs. 
irrespective  of  friction.  When  lifting  light  loads  with  the  traversers 
the  speed  of  lifting  is  increased  to  6  feet  6  inches  per  minute,  being 
a  leverage  of  nearly  800  to  1 ;  and  in  the  jib  cranes  of  the  wheel 
shop,  which  lift  up  to  4  tons,  the  speed  of  lifting  is  6  feet  1|  inches 
per  minute,  giving  a  leverage  of  nearly  1000  to  1.  The  actual 
power  required  in  the  traversers  for  lifting  a  load  of  9  tons,  besides 
the  snatch  block  and  chain,  has  been  found  to  be  17  lbs.  acting 
at  the  circumference  of  the  driving  pulley  at  the  point  where  the 
driving  cord  acts  upon  it ;  and  the  total  leverage  over  the  load 
being  3000  to  1,  the  portion  required  to  sustain  the  load  is  6  lbs., 
leaving  11  lbs.  as  the  working  power  required  to  overcome  the 
friction  of  the  crab  gear  under  that  load.  The  crab  when  unloaded 
is  found  to  require  a  driving  power  of  1|  lbs.  to  overcome  its  friction. 

The  tightening  weight  G,  Figs.  1  and  2,  Plate  9,  for  the  repairing 
shop  traverser,  is  218  lbs.,  or  109  lbs.  on  each  half  of  the  driving 
cord ;  and  this  is  found  to  be  about  the  best  working  strain,  for 
keeping  the  rope  steady  and  giving  the  required  hold  on  the  main 
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driving  pulley  and  the  horizontal  pulleys  of  the  crab.  The  limit  of 
the  weight  G  is  that  required  to  give  steadiness  to  the  transverse 
portion  of  the  cord  situated  between  the  crab  pulleys  and  the  end  of 
the  traverser,  which  is  unsupported  for  a  length  of  about  30  feet 
when  the  crab  is  close  to  one  end  of  the  traverser. 

The  driving  cords  employed  are  soft  white  cotton  cords,  f  inch 
diameter  when  new,  and  weighing  about  1^  ounce  per  foot :  they 
soon  become  reduced  to  9-16ths  inch  by  stretching,  and  are  found 
to  last  about  eight  months  in  constant  work.  In  the  overhead 
traverser  which  has  been  in  constant  work  in  the  boiler  shop  for 
about  three  years  with  a  single  crab  arranged  to  lift  6  tons,  a 
smaller  cord  of  about  f  inch  diameter  was  originally  used ;  it 
was  however  found  desirable  to  adopt  a  cord  of  ^  inch  diameter 
afterwards.  The  total  length  of  each  of  the  two  driving  cords  in 
the  repairing  shop  is  800  feet,  in  the  wheel  shop  320  feet,  and 
in  the  boiler  shop  660  feet.  The  wear  and  tear  of  the  cord  is 
considered  to  be  mainly  influenced  by  the  bends  to  which  it  is 
subjected  in  its  course ;  and  the  pulleys  over  which  it  is  bent  are 
therefore  made  none  of  them  less  than  18  inches  diameter  or  about 
30  times  the  diameter  of  the  cord,  excepting  only  the  presser 
pulleys  of  8  inches  diameter  for  pressing  the  cord  into  the  grooves 
of  the  driving  pulleys  in  the  overhead  traversers.  In  the  jib  cranes 
the  cord  has  eleven  bends  at  all  times,  whether  the  two  cranes  are 
working  or  not ;  and  in  the  repairing  shop  traversers  the  cord  has 
twelve  bends  when  both  cranes  are  not  working,  sixteen  when  both 
are  lifting  or  cross  traversing  alone,  and  twenty  when  both  cranes 
are  cross  traversing  and  also  lifting. 

The  groove  of  the  driving  pulleys  is  made  V  shaped  at  an  angle 
of  30  degrees,  and  smaller  at  the  bottom  than  the  cord,  as  shown  in 
the  foil  size  section,  Mg.  21,  Plate  15,  so  that  the  cord  is  gripped 
between  the  inclined  sides  and  does  not  reach  the  bottom  of  the 
groove.  In  the  guiding  pulleys  the  groove  is  made  half  round  at 
the  bottom,  with  the  same  radius  as  the  section  of  the  cord,  as  shown 
in  the  fdU  size  section.  Fig.  22 ;  and  in  the  presser  pulleys  the 
bottom  of  the  groove  is  rounded  out  with  rather  a  longer  radius,  as 
shown  fall  size  in  Fig.  23. 
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The  cord  is  supported  at  intervals  of  12  to  14  feet  by  fixed 
slipp^^  of  a  plain  trougli  section,  in  wliicli  it  lies  whilst  running, 
as  'shown  in  Figs.  18  and  19,  Plate  16,  and  Fig.  28,  Plate  17. 
They  are  of  cast  iron,  flat  in  the  bottom  which  is  If  inch 
wide,  and  with  side  flanges,  as  shown  in  the  full  size  section. 
Fig.  20  ;  the  ends  are  bell-mouthed,  as  shown  in  Fig.  19.  These 
slippers  are  fixed  IJ  inches  below  the  working  level  of  the  cord 
on  the  driving  side,  as  shown  in  Figs.  18  and  28,  so  that  the 
driving  wheels  pass  clear  above  the  shppers  in  the  traversing  of  the 
crane,  and  lift  a  portion  of  the  cord  out  of  them  ^5uccessively  in 
passing. 

In  experiments  made  with  a  number  of  sHppers  carrying  different 
weights  the  friction  between  the  cord  and  the  slipper  was  found  to 
be  about  two-fifths  of  the  load ;  but  as  the  total  weight  of  that 
portion  of  the  cord  which  rests  on  slippers  is  only  60  lbs.  and  the 
whole  friction  consequently  amounts  to  only  20  lbs.,  it  is  not 
considered  worth  while  to  complicate  the  system  by  the  introduction 
of  pulleys  for  supporting  the  cord.  No  care  in  oiHng  is  required 
as  regards  these  bearing  slippers  used  in  transmitting  the  power 
along  the  shop,  as  is  the  case  in  the  power  cranes  driven  by 
continuous  longitudinal  shafting  where  tumbling  carriers  are 
required,  or  where  heavy  cords  at  low  velocities  are  used,  requiring 
carrying  pulleys,  the  bearings  of  which  need  regular  oiling.  By 
means  of  pull  cords  passing  from  end  to  end  of  the  shop,  the  main 
driving  gear  for  each  pair  of  traversers  can  be  stopped  at  any  time 
by  the  men  working  the  traversers ;  so  that  when  the  cranes  are 
not  working,  the  whole  of  the  high  speed  gearing  stands  idle. 

The  diameter  of  the  worm  wheel  U  of  the  lifting  gear  in  the 
26  ton  traversers.  Fig.  14,  Plate  14,  is  24^  inches  at  the  pitch  line, 
and  this  is  driven  by  a  worm  3  inches  diameter  at  the  pitch  circle 
with  1  inch  pitch,  the  inclination  of  the  threads  of  the  worm  to  the 
axis  of  the  worm  wheel  being  1  in  9^  (1  in  9*4).  This  is  found  to 
be  safely  within  the  angle  of  friction,  so  that  the  worm  will  not  shp 
back  with  any  weight  that  it  has  to  Hft;  and  it  thus  affords  a 
complete  means  of  holding  up  the  weight  at  any  point  without  the 
use  of  a  break,  and  of  Hfting  or  lowering  it  instantly  without  the 
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slightest  jerk.  The  pitch  of  the  worms  has  however  been  so 
arranged  that  in  lowering  bnt  little  power  is  required  farther 
than  to  put  the  gearing  in  motion.  The  speed  of  the  worms  at 
the  pitch  line  is  833  feet  per  minnte  for  the  lifting  gear  of  the 
26  ton  traverser,  and  486  feet  per  minnte  in  the  jib  cranes.  The 
jh;;es8nre  on  the  teeth  of  the  worm  wheel  in  the  traverser,  when 
lifting  the  maTimnm  load  of  25  tons,  is  9^  cwts. ;  and  in  the  jib 
crane,  when  lifting  the  load  of  4  tons,  it  is  7|  cwts.  In  the 
practical  working  of  the  25  ton  traversers  however  the  strain  seldom 
exceeds  one  half  the  above  amount,  since  in  lifting  locomotive 
engines  the  two  crabs  are  nsuaUy  employed  in  conjunction,  for 
fiu)ility  in  slinging  the  engine. 

The  action  of  these  cranes  is  very  smooth  and  easy,  and  all 
the  movements  are  readily  under  control. 


Mr.  Ramsbottom  showed  one  of  the  cast  iron  slippers  for  carrying 
the  driving  cord  of  the  crane,  together  with  a  piece  of  the  cotton 
cord  employed  for  the  purpose,  and  also  a  piece  that  had  been 
working  on  the  25  ton  crane ;  it  had  not  been  in  use  many  months, 
but  was  calculated  from  present  experience  to  last  about  eight 
months  before  requiring  renewal. 

The  Chaibman  enquired  how  long  the  cranes  had  been  in  use,  and 
what  was  the  reason  for  making  the  traversing  cranes  with  wood 
trussed  beams  instead  of  wrought  iron  girders. 

Mr.  Ramsbottom  replied  that  the  jib  crane  in  the  wheel  shop  had 
been  in  use  three  years,  and  the  traversing  crane  about  four  months. 
The  traversing  cranes  were  made  with  wood  trussed  beams  merely 
to  correspond  in  character  with  the  cranes  already  employed  in  the 
shop.  K  all  the  cranes  had  now  to  be  constructed  afresh,  no  doubt 
iron  would  be  used  throughout  in  preference  to  wood.  One  point  of 
great  importance  to  the  success  of  the  crane  had  been  to  ensure  aU 
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the  pulleys  being  completely  in  balance,  that  they  might  run 
perfectly  smooth  and  steady  at  the  high  velocities  at  which  they  had 
to  be  driven.  This  was  done  by  balancing  them  carefally  on  a  pair 
of  parallel  straight  edges,  adjusting  their  weight  by  a  little  filing 
and  scraping,  till  they  would  remain  at  rest  in  any  position 
indifferently,  and  when  so  adjusted  they  worked  with  great 
smoothness  and  steadiness.  Without  this  complete  balancing  of 
the  pulleys,  the  crane  would  have  been  a  failure.  In  the  jib  cranes 
the  driving  pulleys  of  the  Hfting  motion  made  as  much  as  1000 
revolutions  per  miuute ;  and  it  was  by  that  means  that  the  required 
power  was  obtained  from  so  light  a  driving  cord,  and  by  simple 
contact  of  the  cord  with  the  pulleys,  without  its  taking  a  turn  round 
them.  The  friction  cones  for  the  travelling  movement  were  made 
with  hard  wood  surfaces,  which  were  found  to  give  a  better  bite 
than  metal  on  metal ;  and  there  had  been  no  difficulty  in  transmitting 
by  them  the  full  power  required. 

Mr.  J.  Fernie  had  had  an  opportunity  of  seeing  the  cranes  in 
use,  and  was  greatly  pleased  with  their  construction  and  action. 
The  jib  crane  was  most  convenient  for  taking  a  pair  of  wheels  out  of 
the  lathe  and  conveying  it  to  any  other  spot  with  the  least  possible 
trouble ;  itnd  the  traversing  crane  also  was  of  great  advantage  for 
lifting  an  entire  engine  and  shifting  it  from  one  line  of  rails  to 
another.  He  enquired  whether  any  provision  was  made  for 
preventing  the  driving  cord  from  slipping  off  the  several  pulleys 
over  which  it  passed,  and  whether  any  accident  had  occurred  from 
that  cause  or  from  the  rope  breaking. 

Mr.  Ramsbottom  replied  that  one  accident  had  occurred  with  the 
6  ton  crane  in  the  boiler  shop  not  long  after  it  began  to  be  used,  in 
consequence  of  the  driving  cord  slipping  off  one  of  the  pulleys,  and 
sweeping  the  man  off  the  crane  platform.  Now  however  guards  had 
been  added  to  the  pulleys,  as  shown  in  the  drawings,  to  catch  the 
cord  in  the  event  of  its  slipping  off,  so  as  to  prevent  such  an 
occurrence  happening  again. 

The  Chairman  enquired  what  saving  in  labour  had  been  effected 
ia.  the  wheel  shop  by  the  use  of  the  new  crane  in  place  of  the 
ordinary  cranes  used  for  such  purposes. 
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Mr.  Ramsbottom  replied  that  there  were  previously  two  dozen 
pairs  of  blocks  and  ropes  employed  in  the  wheel  shop,  requiring  a 
large  number  of  labourers  to  work  them;  whilst  now  the  two 
traversing  jib  cranes  alone,  with  two  men  to  work  them,  did  the 
whole  work  of  the  shop  and  very  much  quicker  than  before ;  and 
£300  a  year  was  saved  in  the  piecework  prices  of  the  work  done  in 
that  shop  alone  by  the  use  of  the  new  cranes. 

The  Chairman  asked  whether  any  difficulty  had  been  found  from 
the  dust  of  the  shops  acting  upon  the  cotton  driving  cord. 

Mr.  Ramsbottom  replied  there  had  been  no  difficulty  from  that 
cause  :  the  cord  was  rubbed  over  at  first  with  a  little  tallow  and  wax, 
and  gave  no  trouble  afterwards.  It  had  been  a  question  requiring 
some  consideration  in  the  first  instance,  what  material  should  be 
used  for  the  cord;  whether  leather,  cotton,  catgut,  or  hemp.  He 
thought  however  nothing  was  so  suitable  for  the  purpose  as  a 
good  cotton  rope,  properly  made,  on  account  of  its  lightness  and 
suppleness.  In  using  catgut  the  hook  and  eye  forming  the  joint 
would  give  a  very  objectionable  blow  in  passing  over  the  pulleys  at 
the  high  speed  of  running  that  was  required. 

Mr.  R.  Williams  asked  whether  there  was  any  difficulty  in 
splicing  the  cotton  rope. 

Mr.  Ramsbottom  had  not  found  any  difficulty  arise  in  spHcing  the 
cotton  rope:  in  cotton  spinning  machinery  it  was  regularly  done, 
and  a  good  workman  would  make  a  splicing  which  coxdd  scarcely  be 
distinguished  from  the  body  of  the  rope  itself 

The  Chairman  enquired  whether  there  had  been  any  trouble  with 
the  slippers  in  which  the  driving  cord  was  supported  between  the 
pulleys  ;  and  what  form  of  sUpper  had  been  found  best. 

Mr.  Ramsbottom  said  he  had  first  used  a  brass  shpper,  made 
narrower  at  the  bottom  than  at  the  top  and  not  giving  the  cord  nauch 
room  to  play;  but  that  shape  did  not  answer,  as  the  metal  was 
found  to  become  cut  away  too  rapidly.  Now  however  the  sHppers 
were  made  wider  and  flat  bottomed,  giving  the  rope  free  play,  as  it 
was  found  not  at  all  necessary  to  confine  it  laterally.  The  metal 
now  employed  was  also  cast  iron  with  the  surface  chilled,  the 
chilled  surface  being  smooth  enough  without  any  polishing:  the 
friction  was  also  less  than  with  brass  slippers. 
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The  Chairman  enquired  whetlier  the  25  tons  load  was  allowed  to 
descend  freely  in  lowering  the  crane,  and  how  the  speed  was  checked 
in  its  descent. 

Mr.  Ramsbottom  replied  that  the  load  descended  by  its  own 
weight  after  being  once  started,  and  the  speed  was  checked  simply 
by  applying  the  driving  cord  to  the  pulley  of  the  winding  drum, 
when  a  very  slight  pressure  of  the  cord  in  the  V  groove  of  the 
pulley  was  sufficient  to  control  the  motion. 

The  Chairman  enquired  whether  any  experiments  had  been  made 
to  ascertain  the  actual  friction  of  the  crab  in  the  traversing  crane. 

Mr.  Ramsbottom  replied  that  he  had  tried  experiments  upon^the 
friction  of  the  crab  by  attaching  a  small  cord  to  the  driving  pulley, 
giving  it  a  few  turns  round  the  pulley  and  carrying  it  over  a  fixed 
pulley  so  that  weights  could  be  hung  on.  It  was  then  found  that 
with  a  load  of  8  J  tons  on  the  crab  it  required  17  lbs,  weight  at  the 
driving  pulley  to  start  this  load  in  raising  it.  The  theoretical 
power  required  at  the  driving  pulley  to  balance  the  load  of  8J  tons 
was  6  lbs.,  showing  that  the  friction  of  the  worm  and  the  rest  of 
the  gearing  was  11  lbs.  in  that  case,  or  nearly  twice  the  theoretical 
power.  The  greater  friction  of  the  new  crane  as  compared  with 
ordinary  cranes  was  indeed  its  only  drawback ;  but  that  was  more 
than  compensated  for  by  the  simplicity  of  construction  of  the  new 
crane,  and  the  fiict  that  in  consequence  of  this  increased  friction  it 
required  no  break  to  hold  the  load,  which  was  an  important 
advantage  over  the  old  cranes.  Moreover  if  the  cord  were  driven 
at  a  much  lower  velocity,  in  order  to  reduce  the  friction  by 
diminishing  the  multiplying  power  of  the  crane,  it  would  be 
necessary  to  put  a  much  higher  tension  upon  the  cord,  which  would 
then  have  a  tendency  in  the  present  arrangement  of  the  driving 
gear  to  throw  the  crane  out  of  line  and  cause  it  to  run  off  the  rails. 
It  was  therefore  important  to  adhere  to  the  high  velocity  of  driving 
cord  that  had  been  already  adopted. 

Mr.  E.  A.  CowPER  observed  that  a  Hght  driving  cord  was  the 
ovtLj  plan  compatible  with  a  high  speed  of  driving,  as  a  heavy  cord 
or  chain  would  soon  wear  out  by  its  own  weight.  The  mode  of 
reversing  the  motion,  by  merely  deflecting  the  driving  cord  into  one 
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or  other  of  the  two  grooves  of  the  driving  pulleys,  was  exceedingly 
simple  and  efficient ;  and  the  arrangement  was  also  very  simple  for 
increasing  the  length  of  snrfe,ce  of  contact  of  the  cord  with  the 
pnlley  to  meet  the  requirements  of  a  heavier  load.  He  enquired 
whether  the  weight  of  17  lbs.  at  the  driving  pulley  in  the  experiment 
that  had  been  described  was  su^cient  to  start  the  crane. 

Mr.  Ramsbottom  replied  that  the  weight  of  17  lbs.  at  the  driving 
pulley  of  the  crane  was  just  insufficient  to  start  the  load  of  8  J  tons 
on  the  crab  from  a  state  of  rest,  but  if  once  gftarted  it  would  keep 
it  going,  the  theoretical  force  required  to  balance  that  load  being 
only  6  lbs. 

Mr.  E.  A.  CowPER  remarked  that  the  friction  of  the  crane  in  the 
experiment  was  illustrated  by  the  skidding  of  an  engine  on  the  rails 
when  the  wheels  had  once  started  slipping ;  and  probably  in  the 
case  that  had  been  described  the  actual  friction  of  the  crane  when 
once  in  motion  was  not  much  more  than  6  lbs.  in  addition  to  the 
theoretical  power  required  to  balance  the  load  of  8|  tons ;  while 
from  that  force,  12  lbs.,  up  to  17  lbs.  at  the  driving  pulley  the  crane 
would  either  run  or  stand.  He  enquired  whether  the  jib  cranes  in 
the  wheel  shop  were  balanced  by  a  load  of  ballast  on  the  tail  of 
the  crane. 

Mr.  Ramsbottom  replied  that  the  jib  cranes  were  not  counter- 
balanced, the  weight  of  the  frame  itself  being  sufficient  to  steady  the 
crane  under  the  heaviest  loads  it  had  to  lift. 

Mr.  E.  H.  Carbutt  enquired  whetiier  the  cranes  made  much 
noise  in  working,  on  account  of  their  high  speed.  He  had  seen  a 
crane  of  similar  construction  at  work  in  a  foundry,  and  the  noise  it 
made  was  very  objectionable. 

Mr.  Ramsbottom  thought  the  noise  in  that  case  must  have  arisen 
from  a  want  of  balance  in  the  moving  parts ;  but  in  the  present 
cranes,  with  the  driving  pulleys  all  properly  balanced,  there  was  no 
objection  from  noise,  the  cranes  working  very  smoothly  and  quietly. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Ramsbottom  for 
his  paper,  which  was  passed. 


The  Meeting  then  terminated. 


PROCEEDINGS. 


5  May,  1864. 


The  General  Meeting  of  the  Members  was  held  at  the  house 
of  the  Institntion,  Newhall  Street,  Birmingham,  on  Thursday, 
6th  May,  1864;  John  Ramsbottom,  Esq.,  Vice-President,  in  the 
Chair. 

The  Minutes  of  the  last  Meeting  were  read  and  confirmed. 

The  Chairman  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following 
New  Members  were  duly  elected  : — 


JuN., 


ME  MBE  RS  • 

William  Coddington, 

Zerah  Colburn,  . 

Edward  Crowe, 

John  Dewhtjrst,. 

Thomas  Frost, 

Richard  Heathpield,  . 

Thomas  Henry  Maudslat, 

Sampson  Moore,  . 

Colonel  M.  Said,  Bey,  . 

John  Sanderson, 

John  Seddon,  . 

James  Folliott  Stokes, 

Bernard  Peard  Walker, 

Isaiah  White,    . 

Thomas  William  Worsdell. 


Blackburn. 

London. 

Middlesborough. 

Sheffield. 

Derby. 

Birmingham. 

London. 

Liverpool. 

London. 

Whitehaven. 

Wigan. 

Shrewsbury. 

Wolverhampton . 

Seville,  Spain. 

Birmingham. 

M 
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HONOBABT  MEMBERS. 


Joseph  W.  Branson,  .  .  .  Birmingliain. 
Joseph  Wells  Hornblowee,  .  .  Birmingliam. 
David  Murray,   ....         Birmingliam. 


The  following  paper,  commtmicated  throngh  Mr.  Charles  F. 
Beyer  of  Manchester,  was  then  read  : — 
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DESCRIPTION    OF 
HARRISON'S    CAST    IRON    STEAM    BOILER. 


By  Mb.  ZERAH  COLBUEN,  op  London. 


The  importance  of  higli  pressure  steam  as  a  condition  of  steam 
engine  economy  has  long  been  understood.  Trevithick  as  early  as 
1804  worked  an  engine  at  what  was  then  regarded  as  an  enormous 
pressure,  50  lbs.  per  square  inch.  His  American  contemporary, 
Oliver  Evans,  recommended  a  still  greater  pressure,  150  lbs.  per 
square  inch,  cut  off  at  one  third  of  the  stroke;  and  from  the  records  of 
the  department  for  supplying  Philadelphia  with  water,  it  appears 
that  Evans  actually  employed  not  only  this  pressure,  but  still  higher 
pressures,  on  the  large  scale  of  pumping  engines.  In  1817  one  of  his 
engines  was  started  at  the  Fairmount  Waterworks,  Philadelphia' 
and  was  worked  regularly  at  from  194  to  220  lbs.  per  square  inch ; 
the  engine  cylinder  was  20  inches  diameter  and  the  stroke 
of  the  piston  5  feet,  the  usual  working  speed  being  25  revolutions 
per  minute ;  steam  was  supplied  from  four  cylindrical  boilers, 
30  inches  diameter  and  24  feet  long,  fired  externally.  A  Boulton 
and  Watt  engine  of  44  inch  cylinder  and  6  feet  stroke  had  been 
started  two  years  previously  at  the  same  waterworks,  having  a 
cast  iron  boiler  with  vertical  wrought  iron  flues,  with  a  steam 
pressure  of  only  2|  to  4  lbs.  per  square  inch.  Both  these  engines 
pumped  through  a  16  inch  main,  239  feet  long,  into  a  reservoir 
102  feet  above  the  level  of  supply.  Trials  of  twenty  four  hours' 
duration  showed  that  the  low  pressure  engine  had  rather  the 
advantage  over  the  other  in  point  of  economy :  the  former  pumped 
into  the  reservoir  in  twenty  four  hours  1,763,104  gallons  of  water 
with  a  consumption  of  896  cubic  feet  of  wood,  being  1968  gallons 
per  cubic  foot ;  while  the  high  pressure  engine,  in  raising  3,124,891 
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gallons  tlirougli  the  same  mam,  consumed  1664  cubic  feet  of  wood, 
or  at  the  rate  of  1878  gallons  per  cubic  foot. 

Steam  of  rather  more  moderate  pressures  than  Evans  employed, 
or  of  about  100  lbs.  per  square  inch,  continued  subsequently  to  be 
employed  in  America,  notwithstanding  the  frequent  explosions  of 
high  pressure  boilers.  In  England  the  boilers  for  Trevithick's 
engines  were  made  of  large  diameter  and  of  cast  iron ;  and  many  of 
them  were  made  at  the  Bridgenorth  Foundry  with  an  internal 
diameter  of  8  feet,  and  in  8  feet  lengths,  which  were  connected 
together  by  flanges  and  bolts  up  to  any  length  required.  Such 
boilers  were  unquestionably  dangerous,  although  many  wrought  iron 
boilers  of  equal  or  greater  diameter  and  probably  of  less  strength 
are  worked  up  to  the  same  pressure  now.  An  occasional  explosion 
of  a  Trevithick  boiler,  and,  the  influence  which  the  practice  of 
Boulton  and  Watt  then  exercised,  soon  occasioned  a  general  return 
to  low  pressures,  except  in  Murray's,  Stephenson's,  and  Hedley's 
locomotives,  which  were  worked  regulariy  at  50  lbs.  per  square 
inch. 

Within  the  last  thirty  five  years  however,  or  in  fact  coincident 
with  the  progress  of  improvements  in  boiler  making,  there  has 
been  a  corresponding  tendency  to  return  to  high  pressures.  The 
locomotives  on  the  Liverpool  and  Manchester  Bailway  worked  in 
1830  with  steam  of  50  lbs. ;  by  1843,  pressures  of  75  lbs.  and 
80  lbs.  had  become  common  upon  railways ;  100  lbs.  to  110  lbs. 
was  regularly  maintained  in  1851 ;  and  at  the  present  time  120  lbs. 
is  the  usual,  and  160  lbs.  an  occasional  pressure  in  locomotive 
boilers,  The  last  named  pressure  is  not  very  much  below  that 
recommended  for  locomotives  by  the  late  Jacob  Perkins,  nearly 
thirty  years  ago,  who  preferred  steam  of  200  lbs.  cut  off  at 
one  eighth  of  the  stroke.  In  marine  engines  an  ordinary  working 
pressure  of  25  lbs.  has  been  reached,  while  some  of  the  Liverpool 
and  Montreal  vessels  are  worked  at  40  lbs.,  and  the  Pacific  Mail 
steamers  at  50  lbs.  per  square  inch.  For  ordinary  land  engines 
even  100  lbs.  pressure  has  been  adopted  in  many  cases ;  and  this 
and  still  higher  pressures  are  already  employed  by  some  makers  of 
portable  and  tra<?tion  engines. 
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Althongli  tlie  constmctioii  of  boilers  has  been  much  improved, 
in  order  that  biglier  and  higher  pressnres  might  be  maintained,  it  is 
certain  that  great  room  for  improvement  is  yet  left.  The  old  boiler 
fired  externally  is  objectionable;  while  for  internal  firing  it  is 
necessary  either  to  have  a  firebox  and  tnbes,  or  to  have  fines  large 
enongh  to  allow  the  fireplaces  to  be  formed  within  them.  The 
mnltitnbnlar  boiler,  unless  supplied  with  good  water,  requires  much 
care  to  prevent  choking  with  scale  i  and  its  repairs  are  in  all  cases 
greater  than  those  of  the  Cornish  and  Lancashire  boilers.  The 
Lancashire  or  two-fined  boiler  is  that  most  used  in  the  manu&cturing 
districts;  but  its  diameter  is  necessarily  so  large  as  to  render  it 
imprudent  in  most  cases  to  load  it  with  steam  of  much  more  than 
60  lbs.  pressure,  and  this  is  not  the  high  pressure  to  which  present 
steam  engine  practice  is  tending.  A  diameter  of  7  feet  is  common 
for  Lancashire  boilers ;  and  if  made  of  \  inch  Staffordshire  plates, 
single-rivetted,  their  bursting  pressure  may  be  taken  as  333  lbs.  per 
square  inch.  This  estimate  is  made  upon  Mr.  Fairbaim's  usual 
allowance  of  a  loss  of  44  per  cent,  iu  the  strength  of  the  solid 
plate  at  single-rivetted  seams ;  and  the  estimate  of  course  assumes 
that  no  fiaws  are  hidden  in  the  iron,  and  that  the  workmanship  is 
good,  the  rivetting  being  fairly  done  so  that  the  boiler  shall  not 
have  been  injured  by  the  use  of  the  drifting  tool.  This  then  is  the 
limit  of  strength  when  the  boiler  is  new  ;  and  it  would  be  manifestly 
imprudent  to  press  to  more  than  50  lbs.  or  at  the  utmost  70  lbs.  a 
boiler  which  was  certain  to  burst  at  333  lbs.,  and  to  be  permanently 
injured  by  a  much  lower  pressure.  It  is  shown  moreover  by  the 
reports  of  the  Manchester  Boiler  Association  that  many  boilers  are 
subject  to  weakening  from  corrosion  or  farrowing  of  the  plates. 
A  leakage  of  steam,  however  slight,  from  any  part  of  the  boiler  into 
the  adjacent  setting  is  almost  certainly  attended  with  corrosion. 
Condensed  steam,  that  is  distilled  water,  appears  to  exercise  a  strong 
solvent  power  upon  iron,  as  is  known  in  the  cases  of  boilers 
supplied  with  very  soft  water  or  peat  water  or  more  especially  those 
fed  with  water  from  surface  condensers.  As  has  been  shown  in  the 
case  of  several  recent  boiler  explosions,  the  thickness  of  boiler 
plates  is  often  wasted  nearly  through  by  unsuspected  corrosion. 
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Each  slab,  whatever  number  of  units  it  may  be  composed  o^ 
may  be  regarded  as  a  separate  vessel,  throughout  which  the  water 
or  steam  can  circulate  freely,  both  vertically  and  longitudinally. 
Any  number  of  slabs  may  be  placed  side  by  side  in  the  same 
fireplace ;  in  the  boiler  here  shown  there  are  eight,  as  seen  in  the 
transverse  sections,  Figs.  3,  4,  and  6,  Plates  20  and  22.  They  are 
connected  together  by  a  feed-water  pipe  A  at  the  bottom  and  by  a 
steam  pipe  B  at  the  top.  The  water  level  is  usually  maintained 
so  that  about  two  thirds  of  the  whole  number  of  spheres  will  be 
constantly  filled  with  water,  as  shown  in  Figs.  5  and  6,  and  by  the 
dotted  line-in  Fig.  1 ;  the  remaining  spheres  forming  a  steam,  space. 
The  ftill  heat  of  the  fire  is  prevented  from  coming  upon  the  upper 
spheres  which  contain  only  steam,  by  small  firebrick  screens  or  cast 
iron  plates  C  0,  Figs.  5  and  6,  which  are  placed  loosely  between  the 
slabs,  a  little  below  the  water  level,  so  as  to  confine  the  direct  action  of 
the  heat  chiefly  to  the  spheres  filled  with  water.  The  upper  spheres 
are  at  the  same  time  enveloped  in  an  atmosphere  so  hot  as  to  ensure 
the  steam  being  completely  dried.  The  slabs  are  fixed  with  an 
inclination  in  the  direction  of  their  length,  as  shown  in  Figs.  1  and  5, 
sufficient  to  ensure  the  complete  drainage  of  all  the  spheres  when 
the  boiler  is  blown  out.  This  inclination  serves  at  the  same  time  to 
bring  the  largest  body  of  water  to  where  the  action  of  the  heat 
is  most  direct,  and  to  provide  the  largest  steam  space  over  that  part 
of  the  boiler  where  ebullition  is  probably  the  least  active.  The 
earlier  experiments  have  shown  that,  although  the  units  may  be 
bolted  together  into  slabs  of  a  total  length  of  even  20  feet,  a  length 
of  9  feet  is  preferable,  since  the  strain  upon  the  bolts  in  screwing 
up  is  correspondingly  less:  and  as  in  the  latter  case  there  is  no 
observable  tendency  to  sag  in  the  centre,  the  complete  tightness 
of  the  joints  is  thereby  secured. 

The  spheres  weigh  each  about  22^  lbs.,  a  unit  of  four  spheres 
weighing  rather  more  than  f  cwt.  Hence  there  are  very  nearly 
one  hundred  spheres  to  the  ton ;  and  it  has  been  the  habit  thus 
far  to  rate  these  boilers  by  their  weight,  as  a  4  ton  boiler,  an 
18  ton  boiler,  &o.  The  nominal  horse  power  of  the  boiler  may  be 
generally  taken  as  three  times  its  weight  in  tons.     Thus  a  10  ton 
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boiler  may  be  rated  as  of  30  nominal  horse  power;  and  from 
ei^periments  it  appears  that  a  boiler  of  this  weight  may  be  counted 
npon  to  evaporate  40  cubic  feet  of  water  per  hour,  corresponding  to 
about  80  indicated  horse  power.  Each  sphere  contains  seven  pints 
of  water,  a  unit  of  four  spheres  containing  3^  gallons.  The  external 
surface  of  each  sphere  is  rather  more  than  1^^  square  feet,  and  the 
internal  surfe-ce  a  little  more  than  1|  square  feet.  In  round 
numbers  it  may  therefore  be  said  that  each  sphere  presents  a  square 
foot  of  heating  surfia^e  and  contains  a  gallon  of  water ;  while  a  ton 
of  one  hundred  spheres  represents  three  nominal  horse  power,  the 
proportion  of  weight  to  power  being  thus  about  the  same  as  in 
Lancashire  boilers  of  the  ordinary  type. 

Although  it  cannot  be  said  that  cast  iron  is  in  itself  a  strong 
material  for  boilers,  yet  it  will  be  seen  that,  in  the  form  now 
described^  it  affords  greater  absolute  strength  against  bursting  than 
is  possessed  by  any  form  of  plate  iron  boiler  at  present  in  use.  The 
units  are  cast  upon  green  sand  cores,  so  placed  that  they  cannot 
alter  their  position  in  the  flask  by  any  force  short  of  what  would  be 
sufficient  to  crush  them  to  pieces.  The  thickness  of  metal  in  the 
spheres  is  therefore  uniform  throughout,  as  has  been  proved  by 
breaking  great  numbers  of  units  taken  at  random.  In  a  unit  of  four 
spheres,  each  sphere  having  an  internal  diameter  of  7^  inches,  the 
whole  area  of  the  plane  in  which  a  bursting  pressure  would  act, 
taken  through  the  eight  openings  of  the  four  spheres,  as  in  Fig.  8, 
Plate  23,  is  220  square  inches;  while  the  least  section  of  iron 
resisting  this  pressure  in  the  same  plane  is  27^  square  inches.  The 
iron  employed  is  an  equal  mixture  of  Glengamock,  Cambroe,  and 
scrap :  a  mixture  selected  for  its  free  running  quality,  and  much 
used  for  small  machinery  castings.  Its  tensile  strength  may  be 
safely  taken  as  5|  tons  per  square  inch.  At  this  rate  the  bursting 
strength  of  the  units  would  be  1540  lbs.  or  nearly  three  quarters 
of  a  ton  per  square  inch  internal  pressure.  The  first  ei^periments 
actually  made  to  test  the  bursting  strength  of  the  units  were  made 
more  than  two  years  ago  in  Brussels  for  the  Belgian  Minister  of 
PubUc  Works.    In  this  case  a  pressure  of  98  atmospheres  or  1440  lbs. 
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per  square  inch  was  applied.     This  was  as  high  as  the  foroe  pmnp 
employed  could  go,  but  the  spheres  were  iiot  burst. 

A  ftirther  series  of  experiments  for  the  purpose  of  testing  the 
bursting  strength  of  the  cast  iron  spheres  have  recently  been  made 
at  the  Gorton  Foundry,  Manchester.  A  high-pressure  Sohaeffer*s 
gauge  graduated  to  1000  lbs.  per  inch  was  attached  to  one  of  the 
units  or  castings  of  four  spheres,  to  which  the  caps  had  been 
accurately  ground,  and  water  pressure  was  then  applied  by  means 
of  a  force  pump.  The  pointer  of  the  gauge  passed  the  1000  lbs. 
mark  to  an  extent  indicating  from  1150  lbs.  to  1200  lbs.,  but  the 
spheres  did  not  burst.  The  pressure  gauge  was  then  checked  by 
comparison  with  a  Bourdon  gauge  up  to  600  lbs.  per  square  inch, 
and  found  to  agree  within  10  lbs.  By  calculation  from  the  weight 
appHed  to  the  force  pump  lever  and  the  dimensions  of  the  pump  it 
was  estimated  that  the  total  force  appHed,  including  the  friction  of 
the  pump,  was  about  1470  lbs.  per  square  inch.  Another  similar 
casting  was  afterwards  tested  in  the  same  way  with  a  similar  resxdt. 
The  castings  were  subsequently  broken  with  a  sledge  hammer,  and 
showed  a  uniform  thickness  at  all  parts  and  a  good  quality  of  iron. 
A  safety  valve  was  then  arranged  for  the  purpose  of  ascertaining  the 
bursting  strength  of  the  spheres ;  the  seat  of  the  valve  was  l-4th 
square  inch  area,  and  the  head  of  the  valve  Ij  inch  diameter,  the 
valve  being  ground  careftdly  to  its  seat.  The  spheres  were  burst 
at  a  pressure  calculated  at  1850  lbs.  per  square  inch;  but  on 
comparing  the  safety  valve  with  a  pressure  gauge  it  appeared  that 
water  must  have  worked  its  way  over  the  ground  seating  of  the 
valve,  allowing  the  pressure  to  act  upon  a  greater  area  than  l-4th 
square  inch,  and  that  the  true  pressure  could  hardly  have  been  so 
much.  The  head  of  the  valve  was  then  reduced  to  a  diameter  of 
I  inch,  and  the  spheres  were  burst  at  a  calculated  pressure  of 
1650  lbs.  per  square  inch ;  but  it  was  still  found  that  some  watlsr 
must  have  worked  over  the  valve  seating,  and  the  experiments  with 
the  safety  valve  were  not  therefore  altogether  satisfiwstory,  but  there 
appeared  no  reason  to  doubt  that  the  bursting  pressure  was  not  far 
short  of  1500  lbs.  per  square  inch.  All  these  experiments  were 
made  upon  castings  having  their  covering  caps  ground  carefrdly  to 
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them,  and  the  bolts  were  only  about  9  inclies  long  between  tbe  caps 
covering  the  opposite  openings  of  the  units.  When  however  a  slab 
of  say  one  hundred  spheres  is  bolted  together,  the  bolts  being 
upwards  of  9  feet  in  length  become  so  far  stretched  by  a  strain 
considerably  below  the  bursting  pressure  as  to  cause  the  joints  to 
open  everywhere  and  relieve  the  pressure.  In  this  way  every  joint 
becomes  a  safety  valve.  This  never  occurs  with  any  practicable  steam 
pressure,  but  it  did  take  place  in  many  of  the  earlier  experiments 
made  to  burst  the  spheres,  although  leakage  seldom  commenced 
until  a  strain  of  nearly  or  quite  half  a  ton  per  square  inch  had  been 
applied. 

The  above  experiments  were  all  made  with  new  castings,  and  at 
tbe  time  they  were  made  no  other  spheres  could  be  had  which  had 
been  more  than  twelve  months  in  use ;  and  the  condition  of  these 
was  clearly  the  same  as  when  new.  It  would  appear  therefore  that 
the  boiler  now  described  possesses  the  same  degree  of  safety  under 
a  pressure  of  230  lbs.  per  square  inch  as  a  7  feet  Lancashire  boiler 
imder  a  pressure  of  50  lbs.  K  however  one  of  the  units  of  the  cast 
iron  boiler  should  burst,  it  could  not  do  more  than  empty  itself,  and 
open  one  or  more  3  J  inch  apertures  into  the  units  adjacent  to  it ; 
whereas  if  an  ordinary  boiler,  containing  say  20  tons  of  highly  heated 
water  in  one  compartment,  should  burst,  the  consequences  would  be 
most  disastrous.  In  some  of  the  earlier  boilers  of  the  kind  now 
described  the  setting  was  such  that  an  excessive  strain  was  brought 
upon  one  or  more  joints ;  and  here,  in  order  to  prevent  leakage,  the 
bolts  had  to  be  tightened  with  great  force,  and  in  two  or  three  cases 
castings  forming  a  part  of  the  boiler  were  thus  cracked  jfrom  one 
joint  to  another.  The  consequence  was  an  escape  of  steam  or  water, 
but  no  ftirther  damage  ensued.  In  one  of  these  instances  a  unit  thus 
cracked  was  worked  continuously  for  three  days,  and  it  might 
perhaps  have  been  worked  for  a  still  longer  time;  but  it  was  thought 
prudent  to  replace  it  by  a  sound  casting.  No  instance  of  a  fi^acture 
has  occurred  in  the  cast  iron  boilers  with  the  present  mode  of 
setting,  and  all  the  boilers  of  this  kind  yet  erected  are  quite  free 
from  leaks  at  the  joints. 
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The  bolts  securing  the  castings  together  have  a  strength  mnch 
beyond  even  that  at  which  the  spheres  would  burst.  They  are  under 
a  certain  initial  strain  before  any  pressure  is  raised  in  the  spheres  ; 
but  the  amount  of  this  initial  strain  is  known  and  under  control, 
for  in  screwing  up  the  slabs  a  27  inch  wrench  is  employed,  and 
the  strength  of  but  one  man  is  applied  to  it.  If  however  a  great 
strain  be  put  upon  the  bolts,  the  crushing  strength  of  the  castings 
is  found  to  be  greater  than  the  tensile  strength  of  the  bolt.  In  a 
series  of  experiments  made  at  the  manufactory  of  these  boilers  by 
Mr.  Luders  a  slab  of  units  bolted  together  to  a  length  of  9  feet  was 
screwed  up  with  great  force ;  a  wrench  10  feet  long  was  employed 
and  the  force  of  three  men  applied.  In  every  case  the  castings 
were  compressed  to  the  extent  of  l-8th  inch  in  a  length  of  9  feet, 
when  the  bolt  commenced  to  stretch,  and  afber  elongatiag  1\  inch  it 
broke.  This  experiment  was  repeated  twelve  times  with  the  same 
result,  the  castings  remaining  uninjured.  The  castings  when  laid 
loosely  upon  a  brick  pavement  require  a  powerful  overhead  blow 
from  a  heavy  sledge  hammer  to  break  them.  They  have  also  been 
heated  in  a  forge  to  a  bright  cherry  red  colour,  and  then  plunged  in 
cold  water,  without  cracking :  though  there  is  no  doubt  that  the  iron 
was  seriously  injured  by  this  treatment,  and  it  might  have  been 
ei^pected  that  the  spheres  would  break  to  pieces.  Their  endurance 
is  to  be  referred  to  their  form  and  to  the  tough  quaKty  of  the  metal 
from  which  they  are  cast ;  a  sharp  blow  with  the  edge  of  a  hammer 
indents  the  iron  nearly  the  same  as  if  it  were  boiler  plate. 

It  might  have  been  apprehended  that  the  expansion  of  the 
castings,  when  in  service  in  a  boiler,  would  be  such  as  to  cause 
unequal  strain  upon  the  joints.  No  leakage  however  can  be 
detected  at  any  of  the  joints  of  a  single  slab  of  castings ;  and  as 
each  slab  is  supported  chiefly  at  its  lower  comer,  and  all  the  slabs  of 
a  boDer  are  separate  from  one  another,  except  at  a  single  point  at 
top  and  bottom  where  the  steam  and  water  connections  are 
respectively  made,  it  is  found  that  the  slabs  are  under  no  injurious 
strain.  Moreover  all  the  spheres  have  a  considerable  amount  of 
elasticity  under  strain,  which  would  assist  in  compensating  for 
unequal  expansion,  did  this  exist.      These  conclusions  as  to  the 
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effect  of  expansion  are  derived  from  an  experience  of  2i  years  with  • 
one  of  tliese  boilers  of  12  horse  power  at  the  chemical  works  of 
Messrs.  Denton  at  Bow  Common,  London;  two  boilers,  one  of 
50  horse  power  and  the  other  of  12  horse  power,  at  the  engineering 
works  of  Messrs.  Hetherington,  Manchester  ;  and  a  12  horse  power 
boiler  at  the  manufactory  of  these  boilers,  Openshaw,  Manchester. 
The  two  boilers  at  Messrs.  Hetherington's  are  often  worked, 
collectively,  up  to  200  indicated  horse  power ;  the  first  was  erected 
at  their  works  about  eighteen  months  ago.  The  boilers  of  this 
construction  were  originally  bolted  np  in  slabs  25  feet  long,  where 
considerable  power  was  required ;  but  in  such  cases  it  is  now 
preferred  to  employ  two  or  three  slabs,  one  behind  the  other,  as 
shown  in  Fig.  1,  Plate  19,  each  slab  being  8  or  9  feet  long.  When 
this  arrangement  was  first  employed,  the  steam  space  of  the  back 
slab  was  connected  by  a  pipe  with  that  of  the  front  slab,  the  steam 
being  taken  off  to  the  engine  from  the  front  slab  alone ;  and  the 
steam  pipes  connecting  the  front  and  back  slabs  being  made  of  cast 
iron,  and  of  a  form  which  did  not  allow  of  the  unrestricted  expansion 
of  the  slabs,  some  of  the  pipes  consequently  cracked ;  but  they  are 
now  made  of  wrought  iron  and  of  a  curved  form,  as  shown  in 
THgs.  5  and  6,  Plates  21  and  22",  so  as  to  yield  readily  to  a 
moderate  strain. 

The  inventor  of  this  boiler,  Mr.  Harrison,  had  from  the  first 
expected  an  entire  freedom  from  corrosion  of  the  spheres  ;  and  the 
experience  thus  fiir  has  borne  out  this  anticipation.  Cast  iron  is 
well  known  to  endure  much  better  than  wrought  iron  under  the 
action  of  flame,  water,  and  other  corrosive  influences.  In  the  case 
of  gas  retorts  for  instance,  plate  iron  would  be  immediately  burnt 
throngh ;  whereas,  previous  to  the  introduction  of  clay  retorts,  cast 
iron  answered  very  well.  The  pipes  for  heating  the  blast  of  blast 
ftimaces  were  originally  made  by  Mr.  Neilson  of  plate  iron ;  but 
although  the  blast  was  then  heated  to  only  350°,  it  immediately 
became  necessary  to  resort  to  cast  iron  heating  pipes.  The  snperior 
durability  of  cast  iron  forge  tuyeres,  especially  when  made  hollow 
and  lined  with  water,  is  also  well  known.  In  the  case  of  the  present 
boiler  many  castings  have  been  purposely  removed  and  eicamined 
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after  being  afc  work ;  but  their  weight  has  been  fonnd  the  same  as 
when  they  went  in,  and  the  joints  showed  no  degradation  of  their 
original  snrfece. 

The  question  which  caused  most  apprehension  in  the  first 
instance  in  connection  with  this  boiler  y^as  the  possibiHty  of 
maintaining  a  clean  surface  within  the  spheres.  The  cast  iron 
boiler  may  be  said  to  belong  to  the  class  of  water-tube  boilers  or 
those  having  small  water  cells.  This  class  of  boiler  is  about  sixty 
years  old,  for  one  was  fitted  in  Meux's  brewery  in  London  by  Arthur 
Woolf  in  1804 ;  and  in  the  same  year  a  small  screw  steamboat 
was  worked  on  the  river  Hudson  by  John  0.  Stevens  of  New  York, 
the  engine  of  which  was  made  by  Boulton  and  Watt,  while  the  boiler 
had  81  water  tubes,  1  inch  diameter  and  2  feet  long*  From  the  first 
however  such  boilers  have  generally  failed  on  account  of  defective 
circulation  and  the  difficulty  of  keeping  the  tubes  free  from  internal 
deposit.  Many  attempts  have  been  made  to  remove  this  difficulty. 
Circulating  pumps  have  been  employed  in  addition  to  the  ordinary 
feed  pump,  to  maintain  a  constant  circulation  of  water  through  the 
tubes.  The  boilers  of  the  first  American  steam  fire-engines  were 
thus  constructed,  and  some  time  since  a  description  of  such  a  boilw 
was  given  in  this  Institution.  Other  forms  of  water-tube  boilers 
have  been  made  with  different  means  for  promoting  a  circulation  of 
the  water;  but  in  all  cases  the  whole  of  the  inorganic  matter 
contained  in  the  feed  water  must  remain  in  the  boiler,  unless  it  be 
blown  out  while  working ;  and  in  the  case  of  some  salts  held  in 
solution  by  ordinary  boiler  water,  these  are  inevitably  and  almost 
irremovably  deposited  upon  some  part  of  the  internal  sur&ces.  The 
boiler  now  described  forms  no  exception  to  the  general  ei^perience 
in  this  respect.  The  water  with  which  Messrs.  Hetherington's 
boilers  and  indeed  most  of  those  in  Manchester  are  fed  is  such  as  to 
deposit  a  hard  scale  l-8th  inch  thick  after  a  few  weeks'  working. 
A  tool  had  been  contrived  with  steel  scrapers  so  hinged  that  it 
might  be  entered  through  any  of  the  openings  in  the  spheres 
of  the  cast  iron  boiler  and  be  then  expanded  out  to  the  internal 
circumference  of  the  spheres :   by  then  working  this  tool  within 
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the  sphere  the  scale  would  be  removed  so  that  it  could  afterwards 
be  blown  out. 

It  has  unexpectedly  turned  out  however  that  no  occasion  has 
arisen  for  the  use  of  this  scraping  tool.  The  boiler  was  blown  out 
regularly  at  the  end  of  every  week,  and  it  was  found  that  the  supply 
of  steam  continued  good  without  any  use  of  this  tool,  and  that  none 
of  the  spheres  became  overheated  or  leaking.  After  ten  months'  work 
of  the  50  horse  power  cast  iron  boiler  at  Messrs.  Hetherington*s, 
it  was  desired  to  increase  the  boiler  power  at  their  works ;  and  as 
the  boiler  then  in  use  there  was  formed  of  units  having  only  two 
spheres  each,  it  was  replaced  with  a  new  boiler  having  four  spheres 
in  each  unit,  excepting  the  units  employed  for  breaking  joint, 
which  had  two  spheres  as  before.  On  taking  down  the  old  boiler 
little  or  no  scale  was  found  in  any  of  the  spheres,  two  of  which, 
in  the  same  condition  as  when  taken  down,  are  now  exhibited 
to  the  meeting.  One  taken  from  the  12  horse  power  boiler  at 
the  same  works  was  broken  by  the  writer  and  is  also  exhibited. 
This  was  purposely  taken  from  near  the  bottom  of  the  boiler,  and  it 
had  worked  constantly  for  eight  months  without  any  examination. 
It  win  be  seen  that  the  broken  pieces,  which  are  in  the  same 
condition  as  when  the  casting  was  taken  out  and  broken,  contain 
no  scale.  In  taking  down  the  old  50  horse  power  boiler  however  a 
lump  rolled  out  from  one  of  the  spheres ;  and  this,  the  only  piece 
of  the  kind  found,  is  also  exhibited.  It  consists  of  scales  seldom 
larger  or  thicker  than  a  sixpence,  loosely  cohering  together  by 
a  clayey  deposit  from  the  water ;  in  the  mass  it  is  very  friable,  but 
the  fragments  of  scale  are  themselves  of  the  same  obdurate  sulphate 
of  lime  as  that  which  hardens  in  nearly  all  other  boilers  in  the  same 
district ;  yet  these  scales  have  in  every  case  separated  from  the  iron 
before  attaining  a  thickness  greater  than  l-16th  inch.  It  cannot  be 
because  the  boiler  is  of  cast  iron  that  it  so  readHy  sheds  its  scale ;  for 
Trevithick's  boilers  and  the  cast  iron  "  elephant  boilers  "  long  ago 
made  by  Mr.  Hall  of  Dartford  enjoyed  no  immunity  in  this  respect  as 
compared  with  wrought  iron  boilers  fed  with  the  same  kind  of  water. 
In  the  Lancashire  district  too,  the  cast  iron  pipes  of  the  apparatus 
used  for  heating  the  feed  water  for  boilers  are  subject  to  choking  with 
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scale  in  tlie  same  manner  as  if  they  were  made  of  wrought  iron ;  and 
in  some  cases  they  become  completely  choked  and  can  be  cleared  only 
by  a  boring  tool.  The  fact  that  the  spheres  of  this  boiler  shed  their 
scale  is  not  to  be  referred  therefore  to  their  being  made  of  cast  iron. 
It  might  perhaps  be  imagined  that  the  water  is  occasionally  driven 
from  the  internal  snrfiEbces,  and  that  the  consequent  expansion  of  the 
spheres  and  their  subsequent  contraction  on  the  return  of  the  water 
would  account  for  the  scale  becoming  loosened  and  broken  off.  But 
the  spheres  show  no  evidence,  as  in  this  case  they  might  be  expected 
to  do,  of  any  irregular  action  of  the  fire ;  and  moreover  those  of  the 
spheres  which  are  placed  fiir  behind,  where  the  action  of  the  heat  is 
moderated,  are  equally  free  from  scale.  It  appears  to  be  more 
probable  that,  as  the  spheres  expand  at  all  parts,  and  in  cooling 
contract  equally  at  the  same  parts,  the  scale  is  detached  and  crushed 
in  this  process  of  contraction.  If  this  conjecture  be  correct,  the 
unexpected  separatio/i  of  the  scale  may  be  attributed  to  the  form 
and  dimensions  of  the  spheres  themselves. 

Whatever  ei^planation  may  be  offered,  it  is  certain  that  with  foul 
water  and  such  as  gives  much  trouble  in  other  boOers  the  scale 
breaks  off  freely  into  small  pieces  in  this  cast  iron  boiler;  and 
this  is  perhaps  one  of  its  most  valuable  properties,  although  quite 
unforeseen.  It  would  not  be  prudent  to  anticipate  the  result 
in  the  application  of  this  boiler  to  marine  purposes ;  but  in  all 
the  land  boilers  of  this  construction  it  has  been  found  that  with 
blowing  off  once  a  week  they  may  be  worked  for  an  indefinite  length 
of  time  without  any  accumulation  of  scale.  It  will  be  seen  how 
readily  this  boiler  may  be  laid  open  for  examination,  and  it  was 
recently  thought  expedient  to  open  the  large  boiler  at  Messrs. 
Hetherington's  works  for  this  purpose.  A  small  quantity  of  loose 
and  broken  scale,  not  above  a  tablespoon  faU,  was  found  in  each  of 
the  units  examined ;  but  their  internal  surfiwjes,  so  fiir  as  they  could 
be  seen,  were  entirely  clear. 

The  evaporative  efficiency  of  the  cast  iron  boiler  depends,  as  in 
the  case  of  all  other  boilers,  upon  the  amount  of  heating  surfece 
exposed  in  proportion  to  the  consumption  of  a  given  weight  of  fdel 
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in  a  given  time.  The  boiler  by  which  Messrs.  Hetherington's  works 
are  now  driven  supplies  an  amount  of  steam  which  a  single 
Liancashire  boiler,  7  feet  diameter,  30  feet  long,  and  weighing 
14  tons,  was  found  inadequate  to  produce.  Both  the  original  and 
the  present  boiler  are  in  connection  with  a  chimney  165  feet  high, 
which  affords  an  excellent  draught.  The  original  boiler  had  two 
flues,  each  2|  feet  diameter  and  enlarged  at  the  fireplace  to  3  feet. 
The  area  of  the  firebars  was  36  square  feet,  and  the  total  "run"  of 
the  heat  was  90  feet  in  length  before  quitting  the  boiler.  The  cast 
iron  boiler  now  in  use  has  about  1800  spheres,  weighing  18  tons, 
and  presenting  about  1600  square  feet  of  surfiice  in  the  water 
spheres  and  about  700  square  feet  in  the  steam  spheres  ;  the  area  of 
firegrate  is  33  square  feet.  The  usual  quantity  of  water  carried  is 
147  cubic  feet  or  rather  more  than  4  tons,  the  quantity  usually 
carried  in  the  original  Lancashire  boiler  being  nearly  20  tons.  The 
external  dimensions  of  the  present  boiler  are  considerably  less  than 
those  of  the  Lancashire  boiler.  Rather  more  than  3  cwts.  of  coal  are 
reqtiired  in  the  cast  iron  boiler  for  raising  50  lbs.  steam  from  cold 
water,  and  the  time  occupied  is  about  half  an  hour.  In  order  to 
ascertain  the  exact  evaporative  efficiency  of  the  boiler,  it  would  be 
necessary  to  begin  the  observations  when  it  was  in  ftdl  work,  and  to 
continue  them  uninterruptedly  for  a  considerable  time.  As  the  boiler 
is  now  worked,  the  fires  are  lighted  on  Monday  morning  and  let 
down  on  Saturday  afternoon ;  but  they  are  banked  every  day  at 
break&st  time,  at  noon,  and  at  night.  The  mass  of  brickwork 
which  is  thus  alternately  heated  and  cooled  with  the  boiler  is  very 
great ;  and  the  quantity  of  heat  that  enters  it,  which  is  for  the  most 
part  wasted  on  stopping,  is  correspondingly  large.  Except  at  the 
beginning  of  the  week,  the  temperature  of  the  water  in  the  boiler  on 
starting  in  the  morning  is  at  least  212®,  while  the  feed  water  from 
the  hot  well  is  usually  between  90®  and  100®. 

In  February  last  the  writer  made  a  series  of  careftd  observations 
upon  the  working  of  this  boiler,  more  especially  to  ascertain  its 
evaporative  efficiency.  The  coal  was  of  good  quality,  from  the 
Oldham  Pits,  and  was  careftilly  weighed ;  and  the  feed  water  was 
made  to  pass  through  one  of  Worthington's  water  meters  on  its 
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way  to  the  boiler.  The  indications  of  the*  meter  were  ascertained 
to  be  accurate,  by  its  registration  of  147f  cubic  feet  in  filling  the 
boiler  up  to  a  point  known  to  correspond  exactly  with  that  quantity. 
In  the  first  day's  trial,  between  5.40  a.m.  and  12.55  noon,  with 
an  interval  for  breakfast,  the  whole  consumption  of  coal  was 
38  cwts.  and  of  water  4427  cubic  feet.  If  this  quantity  of  water 
evaporated  were  to  be  divided  by  the  gross  consumption  of  coal, 
the  result  would  be  only  6*48  lbs.  of  water  evaporated  per  lb,  of  coal : 
but  in  heating  the  boiler  and  its  contents  to  the  working  point, 
and  in  the  loss  at  breakfast  time,  the  consumption  of  coal  was 
such  that  24  cwts.  were  burnt  for  evaporating  the  first  200  cubio 
feet  of  water ;  while  the  remaining  14  cwts.  held  out  for  the  time 
during  which  242*7  cubic  feet  of  water  were  evaporated.  Allowing 
for  the  lowering  of  the  fires  at  the  hour  for  stopping  work,  the 
quantity  of  coal  actually  expended  in  evaporating  the  242*7  cubic 
feet  of  water  may  be  taken  as  16  cwts.,  corresponding  to  an 
evaporation  of  8*43  lbs.  of  water  per  lb.  of  coal.  Towards  the  end 
of  the  day's  trial,  in  a  period  of  1  hour  40  minutes,  8  cwts.  of  coal 
were  burnt  and  142*7  cubic  feet  of  water  evaporated :  but  as  this 
would  correspond  to  an  evaporation  of  9*91  lbs.  of  water  per  lb.  of 
coal,  a  portion  of  the  water  must  have  been  evaporated  at  the 
expense  of  the  heat  already  in  the  water  and  in  the  boiler  and  its 
brickwork  setting.  That  this  was  the  case  is  shown  by  the  fistct  that 
in  the  last  50  minutes  of  the  trial  only  2  cwts.  of  coal  were  burnt 
while  80  cubic  feet  of  water  were  evaporated ;  a  proportion  which, 
were  the  total  evaporation  due  to  the  quantity  of  coal  actuaUy 
burnt  within  the  same  period  of  time,  would  have  corresponded  to 
an  evaporation  of  22  lbs.  of  water  per  lb.  of  coal,  which  would  of 
course  have  been  impossible.  In  making  these  observations  there 
was  always  the  uncertainty  attending  the  quantity  of  coal  that 
should  be  assigned  to  heating  the  boiler,  and  it9  contents  and 
setting,  up  to  the  working  temperature,  and  the  quantity  that  was 
to  be  set  down  to  evaporation  alone. 

In  the  second  day's  trial,  starting  on  Monday  morning  with  water 
at  about  45^  temperature,  5  cwts.  of  coal  was  consumed  in  raising 
steam  to  the  working  pressure,  the  time  occupied  being  half  an  hour. 
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Including  the  ooal  burnt  in  raising  steam,  2  tons  18  cwts.  were 
consumed  during  the  day,  and  657  cubic  feet  of  water  were 
evaporated^  corresponding  to  an  evaporation  of  6*30  lbs.  of  water 
per  lb.  of  coal.  But  as  a  greater  quantity  of  heat  was  manifestly  left  in 
the  boiler  and  l^ckwork  on  stopping  at  night  than  when  work  was 
commenced  in  the  morning,  and  as  there  was  a  waste  of  heat  during 
the  breakfast  and  dinner  hours,  not  more  than  2^  tons  of  coal  at  most 
can  be  Mrly  charged  to  the  water  evaporated,  and  this  is  probably 
in  excess  of  tiie  actual  quantity.  This  corresponds  to  7*31  lbs.  of 
water  evaporated  per  lb.  of  coal.  The  evaporation  from  noon  until 
the  hour  of  stopping  at  night  averaged  7*56  lbs.  of  water  per  lb.  of 
coal,  while  for  the  last  four  hours  of  the  experiment  the  apparent 
rate  of  evaporation  was  8*  71  lbs. 

In  the  third  day's  trial,  steam  having  been  kept  in  the  boiler  over 
night,  the  consumption  of  coal  from  6.0  a.m.  till  2.30  p.m.  was 
2  tons  6  cwts.)  which  included  the  loss  during  the  break&at  and 
dinner  hours,  and  the  evaporation  was  519  cubic  feet,  corresponding 
to  6*27  lbs.  of  water  evaporated  per  lb.  of  coal. 

In  a  whole  week  of  57^  hours  an  average  of  77  cubic  feet  was 
evaporated  per  hour,  the  maximum  evaporation  being  about 
82  cubio  feet  p^  hour,  and  the  average  consumption  of  coal  was 
6*25  cwts.  per  hour.  This  corresponds  to  6*85  lbs.  of  water  per  lb, 
of  coal ;  but,  allowing  for  the  sources  of  loss  abeady  pointed  out, 
nearly  8  lbs.  may  be  taken  as  the  effective  rate  of  evaporation.  The 
temperature  of  the  escaping  gases,  as  indicated  by  Guuntlett's 
pyrometer,  was  about  600®  on  the  average,  the  steam  of  50  lbs. 
pressure  showing  the  normal  temperature  of  about  300®  by  a 
thermometer  inserted  for  the  purpose.  The  average  rate  of 
combustion  wbs  21  lbs.  of  coal  per  square  foot  of  firegrate  per  hour. 
When  the  fires  were  not  driven  so  hard  the  rate  of  evaporation  per 
lb.  of  coal  was  increased,  and  the  temperature  of  the  escaping  gases 
fell  to  525®.  The  flame  penetrated  freely  between  the  spheres  for  a 
distance  of  8  or  10  feet  from  the  bridge,  and  three  fourths  of  the 
whole  evaporation  probably  took  place  within  this  distance.  The 
spheres  in  the  slabs  at  the  back  of  the  boiler  were  generally  covered 
with  a  light  coating  of  soot,  which  was  swept  off  every  week,  all 
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the  spheres  being  within  easy  reach  for  this  purpose ;  soot  never 
formed  however  upon  the  spheres  near  the  fire.  The  water  level 
was  very  steadily  maintained  within  a  small  range  of  oscillation ; 
and  as  the  feed  water  entered  the  boiler  at  the  back,  there  conld  be 
no  doubt,  when  it  stood  at  its  proper  height  in  the  glass  gauge  in 
front,  that  its  level  was  properly  maintained  throughout  the  whole 
length  of  the  boiler.  A  small  cock  tapped  into  one  of  the  steam 
spheres  a  short  distance  above  the  water  level  showed  damp  steam, 
indicating  a  vigorous  circulation  of  the  water  below ;  but  in  the 
engine  room  the  steam  blown  from  the  cylinder  cock  was  quite  dry, 
showing  the  value  of  the  superheating  surface  formed  by  the  upper 
or  steam  spheres  of  the  boiler. 

In  reference  to  the  mode  of  making  the  castings  of  the  boiler 
and  forming  the  joints,  the  system  pursued  in  the  foundry  is  such, 
that,  with  green  sand  cores,  the  units  are  moulded  with  about  the 
rapidity  and  economy  of  plate  moulding.  The  cores  are  well 
rammed  on  the  eight  prints  upon  which  they  rest  in  the  sand,  and 
there  is  no  chance  of  their  being  displaced  in  pouring  the  metal  or 
otherwise,  except  by  a  force  sufficient  to  break  them  in  piedesl  The 
two  halves  of  the  moulding  boxes  are  drawn  apart  in  such  a  manner 
as  to  prevent  any  chance  of  breaking  down  the  sand,  and  little  or 
no  sleeking  is  required.  Each  casting  is  critically  inspected ;  but 
as  the  moulders  are  not  paid  for  imperfect  castings,  very  few 
are  made. 

The  joints  are  faced  up  by  special  and  powerfdl  machinery.  The 
spheres  are  9  inches  from  centre  to  centre  in  the  same  unit,  and  the 
fiicing  machines  not  only  preserve  that  distance  exactly  between  the 
openings  on  the  same  side  of  each  unit,  but  also  face  the  joints  on 
the  opposite  sides  of  the  unit  to  the  precise  gauge  of  8|  inches 
apart.  Each  machine  has  two  headstocks,  with  eight  spindles  and 
rose  cutters  in  each  headstock ;  and  the  castings  being  securely 
held  in  a  clamp  are  faced  in  pairs,  a  roughing  cut  being  taken  on 
the  eight  joints  of  one  casting,  while  a  finishing  cut  is  going  on 
upon  the  joints  of  the  other.  Twenty-five  tons  of  castings  pass 
under  the  roughing  cutters  before  they  require  grinding;    and 
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100  tons  of  units  are  completely  faced  by  the  finishing  cutters 
before  these  require  to  be  re-ground.  By  a  special  adjustment 
the  finishing  cutters  may  be  set  up  in  their  spindles  to  the 
one-thousandth  part  of  an  inch,  whenever,  from  the  dulling  of  the 
cutting  edges,  the  distance  between  the  opposite  joints  of  the 
units  is  found  to  exceed  the  length  of  the  standard  gauge  by  that 
quantity. 

Out  of  a  number  of  castings,  any  two  exactly  correspond,  and 
when  placed  together  the  bearing  surface  at  each  joint  is  3-16th8  inch 
wide  all  round,  and  it  is  finished  with  a  truth  not  inferior  to 
that  of  a  good  slide-valve  fitce.  If  a  sheet  of  oiled  paper  be 
placed  upon  a  smooth  board  and  two  units  be  placed  upon  it,  one 
above  the  other,  they  may  be  filled  with  water  without  any 
perceptible  leakage  at  the  joints  even  after  the  lapse  of  a  week. 

In  conclusion  it  is  considered  by  the  writer  that  the  boiler  now 
described  possesses  several  important  advantages.  It  is  beUeved  to 
be  absolutely  secure  from  explosion,  and,  so  far  as  experience  has 
gone,  free  .from  any  liabiHty  to  choke  with  scale.  It  is  durable, 
easily  taken  apart  and  put  together,  and  may  be  erected  in  ahnost 
any  form  adapted  to  the  space  in  which  it  is  to  be  placed.  The 
parts  are  very  portable,  and  may  be  taken  through  any  opening 
where  a  boy  can  pass.  Any  part  of  the  boiler  may  be  readily 
renewed  if  necessary ;  and  an  existing  boiler  may  at  any  time  be 
readily  enlarged,  and  that  to  an  indefinite  extent,  by  adding  to  the 
number  of  slabs,  either  at  the  sides  or  at  the  back.  The  economy 
of  the  boiler  in  first  cost  is  obvious ;  and  with  proper  proportions 
between  the  firegrate  and  the  heating  surface,  as  high  an  evaporative 
efficiency  may  be  obtained  as  with  most  other  constructions  of 
boilers.  The  quantity  of  water  contained  in  the  boiler  being 
comparatively  small,  steam  may  be  raised  with  a  small  quantity  of 
ftiel  and  in  a  short  space  of  time.  Water  may  be  left  standing  in 
the  boiler  for  almost  any  length  of  time  without  injury.  Every 
part  of  the  boiler  is  at  all  times  under  ready  observation  without 
disturbing  the  connections ;  and  the  outsides  of  the  spheres  may  be 
easily  swept.     The  setting  of  the  boiler  is  such  that  the  steam  may 
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be  dried  to  any  extent  desired  in  the  spheres  themselres,  without 
any  other  provision  for  superheating.  It  is  thought  that  this  boiler 
especially  meets  the  present  increasing  tendency  to  use  high  pressure 
steam,  and  that  the  description  now  given  will  therefore  prove 
interesting  to  this  Institution. 


Mr.  CoLBUEN  exhibited  a  set  of  spheres  from  the  boiler,  forming 
one  complete  slab,  and  also  specimens  of  the  steam  and  feed 
connections  at  top  and  bottom  of  the  boiler,  together  with  one  of 
the  spheres  that  had  been  broken  open  afber  eight  months'  constant 
work,  to  show  the  state  of  the  interior  surface  and  its  complete 
freedom  from  corrosion  or  scale.  He  showed  also  specimens  of  the 
thin  small  scales  blown  out  from  the  boiler,  which  was  all  the 
deposit  there  was  to  be  found;  and  of  the  thick  hard  deposit 
chipped  off  from  the  interior  of  an  ordinary  Lancashire  boiler  using 
the  same  water. 

The  Ghaibman  had  seen  the  new  boiler  at  work  in  Manohesterg 
and  considered  it  an  important  step  towards  the  use  of  steam  at  a 
higher  pressure  than  could  at  present  be  adopted.  It  was  much 
more  simple  in  construction  than  would  at  first  sight  appear ;  and 
with  the  &cilities  now  possessed  for  multiplying  parts  of  the  same 
size  and  shape,  he  did  not  see  any  reason  why  it  should  not  be  put 
together  easily  and  at  a  very  small  cost.  He  enquired  what  was 
the  temperature  of  the  waste  heat  passing  o£P  from  the  new  boiler 
into  the  chinmey,  as  that  was  an  important  criterion  of  the 
economy  of  a  boiler. 

Mr.  GoLBUBN  had  not  had  an  opportunity  of  ascertaining  the 
temperature  of  the  waste  heat  from  this  boiler,  but  by  increasing 
the  length  of  it  the  heat  at  the  chimney  end  could  be  reduced  as 
low  as  desired.  At  Messrs.  Hetherington's  works  in  Manchester 
there  were  originally  two  ordinary  Lancashire  boilers,  but  when 
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the  new  boiler  was  added  only  one  of  these  was  worked  with  it ; 
the  waste  heat  from  both  however  passed  into  the  same  chimney,  so 
that  there  was  no  opportunity  of  trying  the  temperatnre  from  the 
new  boiler  alone.  The  boiler  at  those  works  was  in  the  first 
instance  longer,  bnt  was  afterwards  shortened  by  the  removal  of 
some  of  the  spheres  at  the  fiirther  end.  The  water  was  left  in  the 
boiler  during  the  night,  and  in  the  morning  was  still  at  a 
t^nperatnre  of  212''  Fahr.,  owing  to  the  heat  retained  in  the  mass 
of  brickwork  snrronnding  the  boiler;  and  from  this  point  steam  was 
got  up  in  10  or  12  minutes  to  a  pressure  of  50  lbs.  per  square  inch 
above  the  atmosphere.  There  was  great  convenience  for  readily 
inspecting  the  boiler  by  means  of  the  manhole  doors,  by  which 
access  was  obtained  at  once  to  the  whole  boiler,  with  a  clear  sight 
through  the  entire  length,  and  a  man  could  get  in  and  sweep  the 
whole  of  the  spheres  clean  without  any  difficulty  at  aU. 

As  regarded  the  freedom  of  cast  iron  from  any  tendency  to 
corrosion,  when  used  as  the  material  for  steam  boilers  or  for  other 
purposes  where  it  was  exposed  to  a  high  temperature,  he  was 
informed  by  Mr.  Jaffirey  of  Hartlepool  that  he  had  employed  cast 
iron  for  superheaters  with  success,  and  four  cast  iron  superheaters 
fitted  on  board  steam  colliers  showed  no  sign  of  corrosion  when 
examined  in  October  last,  after  four  years  of  almost  constant  work ; 
the  pipes  when  cleaned  looked  almost  like  new  castings,  ahnost  as 
clean  as  when  first  put  in. 

Mr.  G.  A.  EvEBiTT  thought  the  new  boiler  would  be  very  useful 
in  connection  with  puddling  or  heating  frimaces,  where  the  waste 
heat  from  the  furnace  was  made  use  of  for  generating  steam ;  it 
appeared  very  suitable  for  such  applications  on  account  of  its  safety 
and  the  small  space  it  occupied,  and  he  enquired  whether  it  had 
been  employed  for  that  purpose. 

Mr.  T.  li.  LuDEBS  replied  that  he  was  now  about  to  put  up  one 
of  the  boilers  to  be  heated  by  the  waste  heat  from  three  puddling 
fnmaces:  there  were  eight  sections  of  spheres  in  the  boiler,  and  the 
heat  from  the  Aimaces  was  made  to  circulate  completely  through  the 
set  of  spheres  in  each  section  by  means  of  firebrick  partitions,  Ty^ft-lriTig 
the  passage  to  the  chimney  the  longest  possible.    The  boiler  was 
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carried  entirely  npon  a  pair  of  cast  iron  colmnns  in  front  and  thef 
brickwork  npon  whicli  it  rested  at  tlie  back,  independent  of  the 
brickwork  of  the  frimaces  ;  so  that  the  latter  conld  be  pnlled  down 
for  repairs  withont  disturbing  the  boiler,  while  the  boiler  also  was 
completely  accessible  at  all  times  withont  requiring  any  part  of  the 
brickwork  of  the  fdmaces  to  be  removed.  The  boiler  had  thns  the 
important  advantage  for  snch  an  application  that  it  conld  be  placed 
over  the  ftimaces  withont  occupying  any  of  the  room  of  the  forge  or 
hindering  the  repairs  of  the  furnaces.  By  means  of  suitable 
dampers  the  amount  of  heat  allowed  to  pass  through  the  boiler 
could  be  regulated  as  desired,  according  to  the  generation  of  steam 
required ;  and  the  heat  from  any  one  of  the  furnaces  could  be 
conveyed  away  direct  into  the  chimney,  without  passing  at  all 
through  the  boiler,  if  only  a  smaller  quantity  of  steam  were  wanted 
to  be  raised. 

In  the  earlier  boilers  that  he  had  made,  the  "spheres  were  set  at 
an  inclination  of  about  15**,  but  in  the  most  recent  ones  they  were 
placed  at  45®,  which  was  found  to  answer  the  best,  because  it  gave 
a  complete  drainage  of  every  sphere  in  the  boiler  into  the  bottom 
blow-oflP  pipe ;  while  the  point  of  taking  off  the  steam  being  the 
highest  in  the  boiler  was  the  ftirthest  from  the  water  line.  Near 
the  level  of  the  water  line  the  steam  would  of  course  be  damp  from 
contact  with  the  water;  but  the  surface  of  the  spheres  above  the 
water  line  being  exposed  to  a  high  temperature,  say  650°  Fahr.^ 
the  steam  became  moderately  superheated  to  a  temperature  due  to 
that  exposure  before  passing  off  from  the  top  of  the  boiler,  and  it  was 
then  found  hot  enough  to  continue  dry  after  passing  through  40  feet 
of  unprotected  pipe  to  a  low  pressure  engine  worked  by  it. 

The  Chairman  enquired  what  was  the  cost  per  horse  power 
•of  the  new  boiler. 

Mr.  T.  L.  LuDERS  replied  that  the  cost  of  the  boiler  was  £15  per  ton 
at  the  works  in  Manchester,  and  the  power  was  reckoned  at  abont 
3  horse  power  peir  ton,  making  the  cost  per  horse  power  about  £5. 
In  reference  to  the  temperature  of  the  waste  heat  escaping  from  the 
boiler,  he  had  found  the  waste  heat  from  an  ordinary  Lancashire 
boiler  doing  rather  less  work  than  the  new  boiler  was  from  580®  to 
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600**^:  while  tlie  waste  heat  from  the  new  boiler  was  from  500^  to 
600°.  The  extent  of  variation  in  the  latter  case  was  accounted  for 
by  the  quantity  of  coal  consumed  per  square  foot  of  grate  per 
hour,  amounting  to  21  lbs.  of  coal ;  and  it  was  evident  that  as  the 
consumption  of  coal  was  increased,  and  the  rapidity  of  the  draught 
also  increased  by  opening  the  chimney  damper  in  order  to  bum 
the  larger  quantity  of  coal,  the  heat  escaping  into  the  chimney 
must  also  ba  proportionately  increased.  The  Lancashire  boiler 
experimented  upon  was  one  with  a  moderate  draught,  but  having 
a  larger  firegrate  area  and  burning  its  fdel  much  slower  than 
21  lbs.  per  square  foot  of  grate  per  hour.  That  would  give  a  much 
higher  evaporative  efficiency,  and  the  temperature  of  the  waste 
heat  escaping  to  the  chimney  would  be  lower,  owing  to  the  draught 
being  less  keen  and  the  heat  being  more  ftiUy  taken  up  by  the 
boiler. 

Mr.  C.  W.  Siemens  remarked  that  certainly  the  new  form  of 
boiler  was  emphatically  a  strong  form,  inasmuch  as  a  sphere  of 
1  foot  diameter  had  as  much  strength  to  resist  internal  pressure  as 
a  pipe  of  half  that  diameter,  the  thickness  of  metal  being  the  same. 
Moreover  the  spherical  form  was  a  very  good  form  in  cast  iron 
he  thought  for  a  boiler,  because  it  yielded  to  expansion  equally  in 
all  directions  :  cast  iron  readily  gave  way  when  exposed  to  unequal 
heat,  and  in  ordinary  plate  boilers  the  wrought  iron  often  gave  way 
in  consequence  of  unequal  expansion  in  different  parts.  But  he  did 
not  expect  that  the  new  boiler  would  give  way  by  any  part  being 
overheated  in  comparison  with  the  rest,  because  every  portion  of  a 
hollow  sphere  coxdd  yield  freely  to  local  expansion  by  heat.  He 
had  at  various  times  used  cast  iron  heated  to  a  high  temperature, 
and  had  found  that,  to  make  it  stand,  the  question  of  expansion 
had  above  all  things  to  be  attended  to.  The  heating  surface  in 
the  boiler  appeared  likely  to  be  highly  efficient,  because  the  flame 
was  continually  broken  in  its  passage  over  the  interrupted  surface 
presented  by  the  balls,  instead  of  passing  through  a  long  plain 
internal  tube  in  a  continuous  unbroken  current,  as  in  an  ordinary 
boiler,  where  the  interior  mass  of  the  flame  came  comparatively 
little  in  contact  with  the  boiler  surface.     He  therefore  hoped  the 
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new  boiler  would  receive  a  fair  trial  at  the  hands  of  those 
nsing  steam  boilers.  The  several  balls  composiiig  the  boiler  must 
require  to  fit  together  with  very  great  nicety  in  order  to  prevent 
leakage  at  the  joints,  and  he  enquired  whether  they  had  ever  been 
found  to  leak  at  the  joints ;  and  whether  they  were  not  found  to 
give  way  at  the  joints  after  workiiig  for  a  considerable  time,  in 
consequence  of  the  alternate  heating  and  cooling,  since  cast  iron 
by  being  heated  and  cooled  very  often  was  known  to  become 
permanently  enlarged. 

Mr.  T.  L.  LuDEBS  replied  that  there  had  not  at  present  been 
a  very  long  experience  with  the  new  boiler  of  which  to  speak,  but 
so  &r  as  the  tightness  of  the  joints  had  hitherto  been  tested  by 
time  their  durability  had  been  surprising,  as  they  had  never  shown 
the  slightest  sign  of  a  leak.  Very  much  depended  in  practice 
upon  the  facing  of  the  joints  being  truly  accurate  machine  work, 
and  this  was  ensured  by  the  mode  of  &tcing  the  two  sets  of  cutters 
of  the  machine  in  which  the  joints  were  &€ed  simultaneously  on 
opposite  sides :  while  the  cutters  were  all  revolving,  firmly  wedged 
in  their  holders  in  their  permanent  working  position,  but  of  soft  steel 
not  yet  hardened,  a  facing  tool  sharpened  at  both  edges  and  made 
by  a  standard  gauge  to  correspond  to  the  exact  distance  between 
the  joints  was  passed  transversely  across  the  machine,  grinding  the 
cutters  to  the  exact  length  required  for  feeing  the  joints  accurately 
to  the  proper  length.  The  joints  then  fitted  together  perfectly 
without  the  slightest  force  being  used,  and  when  the  bolt  was 
passed  through  to  hold  them  together  they  were  quite  steam-tight 
under  any  pressure  of  steam  at  which  the  boiler  would  be  worked. 
There  were  1800  balls  in  the  last  boiler  made  for  Messrs. 
Hetherington's  works,  and  not  a  single  leakage  had  been  detected 
in  all  that  number.  The  result  of  two  years'  experience  with  the 
boilers  at  Messrs.  Sellers*  machine  works  in  Philadelphia  was  that 
there  had  been  no  leakage ;  while  at  the  same  time  the  boilers  had 
been  so  economical  that  more  than  100  tons  of  the  ball  castings  for 
new  boilers  had  been  ordered  from  England  for  works  at  the  same 
place,  and  would  be  put  up  in  the  place  of  good  boilers  at  present 
in  use  there.     The  new  boilers  had  now  worked  in  America  for 
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eighteen  months  with  only  once  being  opened  at  the  end  of  eight 
months  for  the  purpose  of  clearing  the  balls  if  that  should  be 
necessary,  and  then  only  a  little  scale  and  mnd  was  raked  out  of  the 
bottom  row  of  balls ;  and  during  the  ten  months  that  had  elapsed 
since  that  time  they  had  not  been  opened  at  all.  The  experience  in 
all  cases  had  been  the  same  as  to  the  absence  of  scale  or  deposit, 
even  after  a  long  time  of  working. 

With  regard  to  the  manner  in  which  the  new  boilers  stood 
the  test  of  rust,  one  of  them  had  been  exposed  for  four  years  to  the 
most  severe  test  for  rust  that  was  likely  to  be  met  with.  The  boiler 
was  70  feet  long  and  1  foot  high,  in  a  greenhouse,  where  it  was 
fired  during  only  about  three  months  in  each  year,  and  the  remaining 
time  it  was  aUowed  to  stand  fall  of  water,  which  was  no  doubt  the 
severest  test  it  coxQd  be  put  to  for  rust.  With  plate  boilers  under 
such  circumstances  the  plates  were  generally  found  to  rust  very 
rapidly.  But  this  had  not  been  the  case  with  the  new  boiler: 
although  the  joints  had  been  made  four  years  they  stlQ  continued 
perfectly  water-tight,  notwithstanding  the  fact  that  at  the  time  the 
boiler  was  made  there  was  no  machinery  for  facing  the  balls, 
and  the  joints  were  merely  planed  and  ground  up  with  emery. 
The  present  machine-made  joints  were  all  found  to  remain  perfectly 
tight. 

The  reason  for  setting  the  boiler  in  an  inclined  position  instead 
of  level,  iudependent  of  the  advantage  of  the  balls  emptying 
themselves  completely  when .  set  inclined,  was  the  fact  that,  in 
consequence  of  the  difference  of  temperature  between  the  water 
space  and  the  steam  space  at  the  time  of  raising  steam  from  cold 
water,  the  boiler  could  not  be  used  if  it  were  brought  down  level. 
For  it  was  found  by  experiment  that  when  the  lines  of  balls  were 
set  ^horizontal  a  conflict  resulted  at  the  water  line  between  the 
parts  above  and  those  below,  in  consequence  of  the  difference  of 
temperature,  the  cooler  portions  below  the  water  line  pulling 
against  the  more  expanded  parts  above;  and  the  strain  produced 
would  so  rack  the  joints  as  to  render  the  boiler  a  failure.  This 
conflict  disappeared  however  as  soon  as  the  lines  of  balls  were  set 
at  the  inclination  of  45*^  that  had  now  been  adopted,  as  there  was 
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then  no  sudden  cliange  from  hot  to  cool  between  any  two  adjacent 
lines  of  balls ;  and  though  all  the  tie  bolts  crossed  the  water  line  at 
different  portions  of  their  length,  and  thereby  became  unequally 
expanded  by  the  hot  steam  space,  yet  the  change  was  gradual  from 
one  bolt  to  the  next,  and  no  two  adjacent  bolts  pulled  against  each 
other;  and  the  expansion  of  the  whole  boiler  thus  took  place 
without  throwing  a  strain  upon  any  part. 

The  feed  pipe  was  connected  to  the  bottom  comer  of  the  boiler  in 
this  inclined  position,  and  the  steam  pipe  was  taken  off  from  the  top 
comer  with  a  long  bend,  in  order  to  allow  perfect  freedom  for  the 
expansion  of  the  boiler,  the  effect  of  which  woxdd  be  all  concentrated 
at  that  point.  In  the  first  boilers  the  steam  connecting  pipe  was  a 
cast  iron  transverse  pipe  with  straight  branches  on  the  underside, 
to  which  the  sections  of  the  boiler  were  directly  attached,  forming 
a  rigid  connection  at  each  section.  But  it  was  then  found  that  the 
several  connections  in  this  case  were  so  difficult  to  make  in  the  first 
instance,  from  the  difficulty  of  setting  all  the  sections  of  the  boiler 
in  their  places  with  sufficient  accuracy,  and  when  set  the  irregular 
expansion  of  the  different  sections  was  so  apparent,  from  the 
unequal  heat  of  the  fire  at  different  parts  before  the  steam  was  ftilly 
up,  that  there  was  a  pushing  and  pulling  action  at  the  connecting 
pipe  which  gave  a  great  deal  of  trouble  by  breaking  the  castings, 
the  pipe  being  stronger  than  the  castings.  This  was  however  quite 
obviated  by  the  present  curved  wrought  iron  pipes,  forming  the 
connections  from  the  castings  to  tjie  steam  pipe,  as  seen  in  the 
specimen  exhibited;  these  were  screwed  into  sockets  in  every 
alternate  casting,  and  allowed  perfect  freedom  for  the  expansion  of 
any  section  of  the  boiler,  independent  of  the  rest,  so  that  there  was 
now  not  the  slightest  trouble,  nor  any  strain  that  could  produce 
leakage  at  any  of  the  joints. 

The  incHnation  of  the  balls  at  45®  gave  the  greatest  length 
of  water  line,  since  the  water  line  was  then  the  diagonal  of  a  square. 
It  also  allowed  the  steam  to  escape  with  great  readiness  from  the 
water,  as  fast  as  it  was  generated,  passing  off  without  meeting  or 
obstructing  the  water  that  was  rushing  in  through  another  opening 
to  take  its  place ;  and  in  consequence  of  this  advantage  the  water 
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l&vel  seldom  oscillated  more  than  ^  incli :  indeed  that  amount  of 
Tariation  in  level  was  considered  a  great  distnrbance  in  the  boiler. 

Mr.  F.  W.  Webb  enquired  whether  the  joints  of  the  balls  were 
put  together  simply  metal  and  metal,  or  whether  any  red  lead  or  oil 
was  used  for  making  them. 

Mr.  T.  L.  LuDERS  replied  that  the  joints  were  put  together  metal 
and  metal,  as  in  the  specimens  exhibited,  just  as  they  were  left  faced 
by  the  cutters  of  the  machine,  without  any  subsequent  grinding,  and 
without  any  oil  or  red  lead  or  any  other  material  in  the  joint.     The 
cutting  machine  was  made  wide  enough  to  take  in  one  of  the  four- 
ball  castings   of  the  boiler,  having  four  pairs   of  the  revolving 
cutters,  so  as  to  cut  all  the  four  joints  on  each  side  of  the  casting 
simultaneously.     The  time  occupied  by  the  operation  was  about 
8  minutes  for  each  casting,  from  the  time  of  putting  the  rough 
casting  into  the  machine  with  the  cutters  drawn  back,  until  it  came 
out  with  all  the  eight  joints  finished  ready  for  being  bolted  together 
at  once  in  a  boiler  without  any  ftirther  preparation  of  the  surface  of 
the  joints.     The  revolving  cutters  were  advanced  by  a  pair  of 
eccentrics  having  |  inch  throw,  and  were  fed  up  by  hand  at  first  to 
bring  them  up  to  the  surface  of  the  casting,  after  which  the  self- 
acting  feed  motion  of  the  machine  was  put  in  operation.     The 
cutters  came  in  contact  with  the  metal  when  the  eccentrics  were  at 
half  stroke,  having  the  quickest  motion  for  advancing  the  cutters ; 
and  the  forward  motion  then  gradually  diminished  until  the  full 
throw  was  reached,  at  which  time  the  speed  of  the  revolving  cutters 
was  also  diminished,  so  that  at  the  last  the  tools  gave  nothing  but  a 
scraping  finish  to  the  face  of  the  metal  at  a  slow  speed. 

Mr.  C.  F.  Beyer  remarked  that  the  new  boiler  was  composed  of 
a  great  number  of  separate  parts  put  together,  and  at  first  sight  it 
would  appear  that  there  must  be  considerable  difficxdty  in  making 
so  great  a  number  of  pieces  go  together  with  sufficient  accuracy  to 
prevent  leakage  at  the  joints.  He  had  however  seen  the  machinery 
that  was  used  for  facing  the  joints,  and  thought  it  admirably 
adapted  for  the  purpose  ;  the  accuracy  with  which  it  did  the  work 
was  certainly  very  great,  and  there  appeared  no  reason  why  the 
joints  shaped  by  that  machinery  should  not  be  water-tight  and 
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steam-tight  under  all  pressures  at  which  the  boiler  would  work. 
The  construction  and  working  of  the  machinery  were  moreover 
such  that  the  shaping  of  all  the  joints  in  the  several  castings  of  a 
boiler  would  form  but  a  small  item  in  the  total  cost  of  the  boiler. 

Mr.  E.  Reynolds  enquired  what  became  of  the  scale  that  was 
formed  in  the  boiler  during  the  week's  work :  whether  it  remained 
in  the  boiler  until  blown  out  at  the  end  of  the  week,  or  whether 
any  of  it  got  carried  over  with  the  steam  into  the  engine.  He 
knew  a  pair  of  60  inch  cylinder  engines  upon  the  pistons  of  which 
an  accumulation  of  from  ^  inch  to  |  inch  thickness  of  scale  was 
frequently  found. 

Mr.  T.  L.  LuDEBS  repHed  that  the  boiler  was  not  blown  out  at  all 
except  after  working  hours  at  the  end  of  each  Week.  From  the 
result  of  observation  he  supposed  that  all  the  scale  formed  during  the 
week's  work  became  deposited  on  the  surfaces  of  the  balls  in  a  layer 
about  as  thin  as  an  eggshell,  just  in  the  same  manner  as  on  the 
surfaces  of  an  ordinary  plate  boiler,  so  that  the  whole  of  the  inside 
of  the  boiler  became  coated  throughout  the  water  space  with  a  thin 
scale.  In  blowing  out  the  boiler  at  the  end  of  the  week,  the 
brickwork  having  been  maintained  during  the  week  at  a  t^nperature 
of  about  600®  on  the  inside,  it  was  only  allowed  to  cool  till  the  red  * 
heat  had  gone  out  of  the  bricks  in  the  bridge  wall,  and  then  the 
boiler  was  blown  out.  But  as  there  was  still  a  temperature  of  as 
much  as  500°  in  the  brickwork,  the  whole  mass  of  the  empty  boiler 
became  very  hot,  and  the  scale  either  became  altogether  detached 
then  by  the  expansion  of  the  metal,  or  else  the  loosening  of  the 
scale  was  completed  subsequently  he  presumed,  when  the  boiler 
became  cold,  the  contraction  of  the  balls  in  cooling  having  the  effect 
of  crushing  down  the  thin  and  friable  scale  in  all  directions  and 
causing  it  to  shell  off  from  the  metal  in  small  pieces,  or  at  least  to 
become  completely  loosened  from  the  metal,  so  that  when  the  water 
was  next  put  into  the  boiler  it  coxdd  get  behind  the  scale  and  throw 
it  off.  The  loose  scale  would  then  lie  in  small  pieces  at  the  bottom 
of  the  balls  until  the  end  of  the  week ;  and  the  scale  formed  in  one 
week  was  therefore  he  imagiued  Wown  out  at  the  end  of  the  week 
following.     The  constant  repetition  of  this  process  was  he  thought 
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the  reason  of  the  balls  being  kept  quite  clear  of  scale.  As  to  any 
scale  being  found  in  the  steam  pipes  or  cylinder  of  the  engine,  snch  an 
OGcnrrence  had  never  heem.  met  with  in  the  working  of  any  of  the  new 
boilers ;  but  he  thought  it  probable  that,  if  the  boiler  were  worked 
too  long  without  blowing  out,  the  balls  would  become  choked  with 
mud.  He  had  however  known  every  one  of  these  boilers  that  had 
been  pnt  up  at  present,  and  had  never  found  any  incrustation  larger 
than  the  small  pieces  of  scale  now  exhibited,  scarcely  thicker  than 
eggshells.  This  specimen  was  only  collected  by  letting  the  water 
run  out  of  the  boiler  slowly,  and  then  opening  the  lowest  ball  and 
collecting  the  pieces  of  scale  from  it  by  hand,  so  that  there  was  no 
donbt  that  was  a  fair  sample  of  the  weekly  production  of  the  boiler. 
This  scale  presented  a  great  contrast  to  the  other  specimen  exhibited 
of  the  scale  obtained  from  an  ordinary  Lancashire  boiler  working 
with  the  same  water,  which  was  the  usual  description  of  scale  found 
in  all  ordinary  plate  boilers,  about  |  inch  thick  and  requiring  to  be 
broken  from  the  inside  of  the  boiler  by  blows  of  a  hammer. 

Mr.  J.  M.  Hbthbeington  said  they  had  now  had  the  new  boiler 
in  use  at  their  works  in  Manchester  for  the  last  eighteen  months, 
during  which  time  they  had  made  many  experiments  to  test  it  in  a 
variety  of  ways  with  most  satisfactory  results.  The  joints  of  the 
balls  had  been  found  entirely  satisfectory,  for  he  did  not  know  of  a 
single  instance  in  which  the  joints  in  a  good  casting  had  gr^en  way. 
The  casiings  as  they  came  from  the  machine  that  had  be^i  described 
had  all  the  joints  &u>ed  so  perfectly  true  that  to  put  any  cement 
or  tallow  or  oil  on  them  appeared  to  make  them  worse  than  the 
clean  sur&ce  of  metal  to  metal ;  and  they  remained  completely 
steam-tight  and  water-tight  under  the  expansion  and  contraction  of 
the  boiler.  At  the  time  of  putting  up  the  boiler  at  their  works, 
when  all  the  sections  were  screwed  up  and  fixed  in  their  places  and 
the  fire  first  lighted,  he  believed  there  was  not  a  single  leaking  jdnt 
in  the  whole  boiler. 

The  temperature  of  the  waste  heat  escapng  into  the  chimney 
from  the  new  boiler  he  believed  to  be  about  the  same  as  from  an 
ordinary  Lancashire  boiler,  between  500^  and  600°  Fahr. ;  but  in 
the  new  boiler  the  whole  of  the  heating'  sur&ce  being  in  such  close 
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proxiinity  to  the  fire  was  more  efficient  thaoi  in  ordinary  boilers, 
where  the  farther  end  of  the  boiler  was  sometimes  as  much  as 
90  feet  distant  from  the  fire,  so  that  much  of  the  surfiwse  conld 
receive  but  little  heat.  The  draught  was  much  keener  in  the  new 
boiler  than  in  an  ordinary  one,  and  they  had  had  some  difficulty  at 
first  in  so  far  checking  it  as  to  bum  only  the  same  amount  of  coal  per 
square  foot  of  grate  as  in  ordinary  boilers ;  but  this  difficulty  had 
now  been  overcome.  No  doubt  a  reduction  in  the  temperature  of 
the  waste  heat  would  be  advantageous,  and  it  could  be  obtained 
by  increasing  the  area  of  firegrate,  so  as  to  bum  the  coal  more 
slowly  and  thereby  give  time  for  a  little  more  of  the  heat  from  the 
fire  to  be  retained  by  the  boiler. 

The  practical  result  obtained  with  the  new  boiler  at  their  works 
had  been  that  it  had  effected  a  saving  of  20  per  cent,  on  the  total 
cost  of  coal  for  raising  steam :  and  in  consequence  of  the  capacity  of 
the  boiler  for  generating  a  high  pressure  of  steam  with  perfect 
safety,  they  were  now  about  to  make  use  of  steam  of  100  lbs.  per 
square  inch  pressure,  or  120  lbs.  in  the  boiler,  by  adding  a  high 
pressure  cylinder  to  exhaust  into  the  cylinder  of  their  present 
condensing  engine ;  and  they  intended  to  adhere  to  the  cast  iron 
boiler  for  the  ftiture,  in  place  of  the  ordinary  wrought  iron 
boilers. 

Mr.  I.  Smith  enquired  whether  the  water  used  in  the  boilers  at 
Manchester  contained  sulphate  of  lime  or  carbonate  of  lime.  He 
could  understand  sulphate  of  lime  being  deposited  as  a  scale  in  the 
new  boilers  and  being  blown  out  at  the  end  of  the  week,  as  had  been 
described:  but  in  the  neighbourhood  of  Birmingham  the  water 
contained  besides  sulphate  of  lime  a  large  quantity  of  carbonate  of 
lime,  which  was  deposited  in  boilers  in  the  form  of  mud,  and  where 
the  firing  was  below  the  boiler  frequently  caused  damage  to  the 
plates  by  overheating.  Hence  if  this  water  were  used  in  the  new 
boiler,  unless  there  were  a  daily  blowing  out  of  the  boiler,  he 
thought  great  damage  woxQd  result  to  the  lower  line  of  balls,  as 
there  appeared  no  reason  why  the  new  boiler  should  be  exempt  from 
the  same  accumulation  of  mud  which  took  place  in  ordinary  boilers 
using  such  water. 
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Mr.  T.  L.  LuDEBS  replied  that  he  had  not  any  analysis  of  the 
water  that  had  been  nsed  in  the  new  boilers,  and  did  not  know 
what  compound  of  lime  it  contained  :  the  specimens  of  deposit  now 
exhibited  had  the  appearance  of  snlphate  of  lime,  bnt  he  conld  not 
tell  what  would  be  the  effect  on  the  boiler  if  any  deposit  were  ever 
formed  that  was  elastic  enough  and  sufficiently  firmly  fixed  not  to 
be  cracked  off  the  metal  by  the  contraction  of  the  balls  in  cooling. 
The  expanding  scraping  tool  described  in  the  paper  had  been 
constructed  to  scrape  out  the  scale  in  such  cases  if  they  ever  arose ; 
but  no  instance  of  the  kind  had  yet  been  met  with  in  the  working 
of  the  new  boilers,  but  in  every  case  the  result  had  been  the  same  as 
regarded  the  absence  of  deposit,  in  America,  in  London,  and  also 
in  Manchester ;  and  he  therefore  thought  there  was  reason  to  hope 
it  would  be  the  same  in  a  great  many  other  cases.  In  Philadelphia 
one  of  the  boilers  had  now  been  working  regularly  for  nearly  two 
years,  during  which  time  it  had  only  been  opened  once ;  and  another 
boiler  there  was  not  opened  for  a  period  of  eight  months,  and  at 
the  end  of  that  time  the  whole  collection  of  deposit  that  was  left 
from  the  weekly  blowing  out  was  cleared  away  in  a  few  hours 
hy  simply  scrapng  out  the  lower  line  of  balls  with  the  tool  provided 
for  the  purpose.  The  broken  casting  that  was  exhibited  from  the 
boiler  in  Manchester  had  never  been  opened  until  broken  by  the 
hammer  after  eight  months'  constant  work :  and  the  interior  surfitce 
was  exactly  in  the  same  state  as  when  broken  open,  showing 
complete  freedom  from  scale  in  all  parts,  though  the  boiler  had 
been  as  much  exposed  to  the  liabiliiy  of  forming  scale  as  any  boiler 
was  ever  likely  to  be. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Colbum  for  his 
paper,  which  was  pdfised. 


The  following  paper  was  then  read: — 
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ON  THE 

DISTRIBUTION  OF  WEIGHT 

ON  THE  AXLES   OF  LOCOMOTIVES. 


By  Mr.  JOHN  ROBINSON,  op  Manchesteb. 


Amongst  the  causes  affecting  the  steadiness  of  locomotive  engines 
in  motion,  and  thereby  also  the  general  steadiness  of  trains  on 
railways,  the  Distribution  of  Weight  upon  the  various  AxLes,  it  is 
believed,  has  not  received  the  amount  of  consideration  which 
the  subject  deserves.  There  are  numerous  circumstances  which 
must  necessarily  be  taken  into  consideration  for  determining  the 
position  of  the  axles  of  an  engine  relatively  to  its  general  maas. 
The  most  important  object  is  to  obtain  sufficient  weight  upon  the 
driving  wheels,  whether  single  or  coupled,  for  giving  the  amount  of 
adhesion  necessary  to  draw  the  load  and  ascend  the  gradients  for 
which  the  engine  is  to  be  adapted :  and  another  consideration  of 
great  importance  in  fixing  the  position  of  the  axles  is  the  number 
and  sharpness  of  the  curves  on  the  road  along  which  the  engiae  has 
to  pass.  These  two  conditions  naturally  influence  the  distance 
between  the  several  axles  of  the  engine,  especially  the  extreme  ones, 
the  distance  between  which  is  technically  called  the  "  wheel  base." 

These  two  main  conditions,  of  the  weight  on  the  driving  wheels 
and  the  nature  of  the  curves  on  the  line,  being  fixed,  the  question 
arises  how  best  to  distribute  the  weight  of  the  engine  on  its  axles. 
Some  idea  of  the  difficulties  surrounding  the  solution  of  this 
question  may  be  obtained  by  a  glance  at  the  accompanying 
diagrams.  Figs.  1  to  15,  Plates  24  to  28,  which  represent  some  of  the 
multitudinous  arrangements  that  have  been  adopted  in  order  to  meet 
the  different  requirements  of  railway  companies.  Locomotives  in 
general  may  be  divided  for  the  present  purpose  into  the  fifteen 
classes  illustrated  by  the  diagrams,  each  of  which  it  will  be  seen 
presents  different  obstacles  to  obtaining  a  proper  distribution  of 
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weight  upon  tlie  axles.  The  figures  given  as  the  weights  at  the 
several  axles  are  taken  with  an  ordinary  working  quantity  of  water 
and  ftiel  in  the  boiler  and  firebox,  and  in  the  tank  engines  with 
the  tanks  fully  loaded. 

Fig.  1,  Plate  24.  Foui>wheeled  engines  having  Inside  cylinders 
are  generally  used  for  mineral  and  coal  lines,  and  for  forming  trains 
at  stations.  It  wiU  be  seen  by  the  diagram  that  a  very  large  amount 
of  weight  here  comes  upon  the  hind  axle,  in  consequence  of 
the  overhanging  firebox;  and  this  can  only  be  alleviated  by 
making  the  boiler  unusually  long  in  proportion  to  the  firegrate  and 
flue  area,  as  shown  by  the  dotted  lines.  The  actual  weights  upon 
the  axles  of  such  an  engine  in  working  order,  with  cylinders  14  ins. 
diameter  by  20  ins.  stroke  and  wheels  3  ft.  9  ins.  diameter,  have 
been  ascertained  by  the  weighing  machine  to  be 

Leading  axle 6*00  tons 

Hindajde        12-50    „ 

Total  adhesion  weight      .     .     18'50    „ 

And  with  the  longer  boiler  shown  by  the  dotted  lines  the  weights  are 

Leading  axle 7*38  tons 

Hind  axle ll'SO    „ 

Total  adhesion  weight      .     .     19'18    „ 

The  weight  required  for  maximum  adhesion  in  this  engine  is 
18*49  tons ;  that  is  the  weight  required  for  making  use  of  the 
maximum  power  of  the  engine,  under  the  most  favourable 
circumstances  when  the  adhesion  friction  is  at  its  maximum 
amount  of  l-5th  of  the  load,  and  the  mean  effective  steam  pressure 
in  the  cylinders  throughout  the  stroke  being  taken  at  95  lbs.  per 
square  inch  in  starting  the  train. 

Fig.  2,  Plate  24.  The  unequal  distribution  of  weight  upon  the 
axles  of  inside-cylinder  four-wheeled  engines,  as  shown  in  Fig.  1, 
may  to  some  extent  be  avoided  by  placing  the  cylinders  outside  the 
frames,  as  in  Fig.  2 ;  for  in  this  case  the  increased  weight  forward 
of  the  cylinders  and  their  attachments,  and  the  possibility  of  getting 
the  straight  driving  axle  much  nearer  to  the  firebox  than  a  crank 
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axle  could  be  placed,  tend  more  nearly  to  equalise  the  weight  upon 
the  two  axles.  On  the  other  hand  a  less  substantial  engine  is  thna 
obtained,  especiallj  where  coupled  ;  since  the  coupling  rod  passing 
inside  the  connecting  rod  and  the  slide  bars  renders  it  difficult  to 
secure  a  good  attachment  to  the  frames.  The  actual  weights 
ascertained  upon  the  axles  of  such  an  engine  in  working  order, 
with  cylinders  15  ins.  diameter  by  24  ins.  stroke  and  wheels 
4  ft.  6  ins.  diameter,  have  been 

Leading  axle 10*00  tons 

Hind  axle 11-25    „ 

Total  adhesion  weight     .    .    21*26    „ 

the  weight  required  for  adhesion  being  21*25  tons. 

In  Four-wheeled  Tank  engines,  in  which  the  supply  of  water  and 
ftiel  is  carried  by  the  engine  itself,  by  arranging  the  position  of  the 
water  tank  so  as  to  keep  its  own  weight,  as  well  as  that  of  the  water 
it  contains,  well  forward,  the  leading  axle  may  be  nmde  to  bear 
a  larger  proportion  of  the  additional  weight  than  the  hind  axle, 
whether  the  cylinders  be  placed  inside  or  outside  the  frames.  This 
is  however  counterbalanced  by  the  necessity  for  lengthening  the 
footplate  and  fencing  it  at  the  back,  for  the  purpose  of  carrying 
the  ftiel,  thereby  increasing  the  weight  overhanging  the  hind 
axle.  The  actual  weights  obtained  in  such  an  engine,  with  inside 
cylinders  13  ins.  diameter  by  18  ins.  stroke  and  wheels  3  ft.  9  ins. 
diameter  coupled,  have  been 

Leading  axle 7'4i5  tons 

Hind  axle 14*95    „ 

Total  adhesion  weight      .     .    22*40    „ 

the  weight  required  for  adhesion  being  14*37  tons. 

Fig.  3,  Plate  24,  and  Fig.  4,  Plate  25.  The  next  class  of  engine 
is  that  which  has  hitherto  been  considered  the  ordinary  type  of 
Passenger  engine,  having  six  wheels  all  uncoupled,  the  middle  or 
driving  axle  being  placed  under  the  cylindrical  part  of  the  boiler  in 
front  of  the  firebox,  the  leading  axle  behind  the  cylinders,  and  the 
hind  axle  behind  the  firebox.  In  arranging  an  engine  of  this 
description,  it  is  usually  sought  to  have  the  greatest  weight  upon 
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the  middle  axle,  then  a  less  weight  upon  the  leading,  and  a  still  less 
weight  upon  the  hind  axle;  but  to  have  these  weights  not  so 
disproportionate  as,  that  it  shall  be  impossible  to  vary  the  weight 
upon  the  middle  axle  within  a  moderate  range  by  a  corresponding 
adjustment  of  that  upon  the  leading  axle.  In  this  respect  the 
inside-cyUnder  arrangement  presents  an  advantage  over  that  with 
ontside  cyhnders,  since  the  leading  axle  in  inside-cylinder  engines 
can  be  placed  much  nearer  to  the  smokebox  and  the  weight  upon  it 
thereby  diminished,  on  account  of  the  cylinders  not  interfering  with 
the  leading  wheels  as  in  ontside-cylinder  engines.  The  connecting 
rod  also  is  then  capable  of  being  made  longer,  in  consequence  of  the 
increased  distance  from  the  smokebox  at  which  the  middle  axle  may 
be  placed  without  throwing  too  much  weight  upon  the  leading  axle, 
which  in  engines  with  short  boilers  is  often  a  matter  of  considerable 
importance.  It  may  be  remarked  that  the  arrangement  of  uncoupled 
engines  with  all  the  axles  under  the  cylindrical  part  of  the  boiler 
is  now  almost  discarded,  at  least  in  this  country ;  since  they  are 
found  to  be  so  unsteady,  ia  consequence  of  the  overhanging  weight 
of  the  firebox,  that  high  speeds  can  not  safely  be  accomplished 
with  them. 

Fig.  3,  Plate  24,  shows  a  good  distribution  of  the  weight  in  an 
Inside-cylinder  Passenger  engine,  having  cylinders  15  ins.  diameter 
by  20  ins.  stroke,  middle  wheels  5  ft.  6  ins.  diameter,  and  leading 
and  hind  wheels  3  ft.  6  ins.  diameter;  the  total  weight  being 
2306  tons,  distributed  as  follows : — 

Leading  axle      ....    8*16  tons 

Middle  axle 10*10  tons 

Hind  axle 4*80    „ 

Total  adhesion  weight      .     .     1010    „ 
the  weight  required  for  adhesion  being  14*48  tons. 

Fig.  4,  Plate  25,  is  an  example  of  a  &vourable  distribution  in  an 
Outside-cylinder  Passenger  engine,  the  "  Lady  of  the  Lake  "  of  the 
London  and  North  Western  Bailway,  shown  at  the  International 
Exhibition  of  1862.  With  cylinders  16  ins.  diameter  by  24  ins. 
stroke,  middle  wheels  7  ft.  7|  ins.  diameter,  leading  and  hind 
wheels  3  ft.  8  ins.  diameter,  the  distribution  of  the  weight  is 
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Leading  axle     .     .    .  * .    9*40  tons 

Middle  axle 11*50  tons 

Hind  axle 6*10    „ 

Total  adhesion  weight  .     .     .  11*60    ,, 
the  weight  required  for  adhesion  being  14*24  tons. 

Fig.  5,  Plate  25.  The  construction  of  uncoupled  engines  with 
tanks  is  not  of  very  frequent  occurrence.  As  however  many  such 
engines  were  made  formerly,  the  distribution  of  one  is  given  with 
the  tank  placed  under  the  footplate  behind  the  firebox;  inside 
cylinders  15  ins.  diameter  by  20  ins.  stroke,  middle  wheels  5  ft. 
6  ins.  diameter,  leading  and  hind  wheels  8  ft.  6  ins.  diameter. 
The  distribution  was 

Leading  axle    ....    7*35  tons 

Middle  axle 10*25  tons 

Hind  axle 6*95    „ 

Total  adhesion  weight    .    .  10*25    „ 

the  weight  required  for  adhesion  being  14*48  tons.  The  placing 
of  a  tank  underneath  the  cylindrical  portion  of  the  boiler  in  an 
outside-cylinder  uncoupled  engine  simply  tends  to  increase  the 
weight  upon  the  leading  axle,  already  too  heavily  loaded,  and  has 
not  been  extensively  adopted  within  the  range  of  the  writer's 
observation. 

During  the  past  few  years  there  has  existed  in  this  country  a 
growing  tendency  to  adopt  engines  with  Four  Coupled  wheels  for 
the  passenger  trains  on  the  great  trunk  lines,  and  for  the  mixed 
trains  on  shorter  and  branch  railways:  in  the  former  case  in 
consequence  of  the  great  number  of  passenger  carriages  required  in 
many  of  the  trains  ;  and  in  the  latter  owing  to  the  desirability  of 
having  engines  of  sufficient  power  to  work  trains  composed  partly 
of  passengers  and  partly  of  goods.  In  most  cases  such  engines 
have  been  built  with  small  leading  wheels  and  with  the  middle  and 
hind  wheels  coupled,  under  the  impression  that  it  is  safer  to  run  at 
high  speeds  with  wheels  of  small  diameter  in  front  than  if  their 
size  were  such  as  is  usually  employed  when  coupled  for  driving. 
In  regard  to  the  best  distribution  of  weight  upon  the  axles  of  such 
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engines,  it  is  evident  that  the  difficulty  is,  whether  in  the  case  of 
inside  or  outside-cylinder  engines,  to  get  a  fair  proportion  of 
weight  upon  the  hind  wheels  so  as  to  justify  their  being  coupled 
to  the  middle  wheels,  assuming  the  position  of  the  hind  axle  to 
be  behind  the  firebox  :  and  in  order  to  show  that  this  question  is 
not  easy  of  solution,  the  following  instances  are  given  of  the 
distribution  of  weight  upon  the  axles  of  such  engines. 

Fig.   6,   Plate   26.     Coupled    Passenger  engine  with   Outside 
cylinders   16  ins.  diameter  by  22  ins.   stroke,  middle  and  hind 
wheels  coupled  6  ft.   7  ins.  diameter,  leading  wheels  3  ft.  7  ins. 
diameter.     Total  weight  31"60  tons,  of  which  the  distribution  is 
Leading  axle    ....     10*80  tons 

Middle  axle 11*85  tons 

Hind  axle 8*95    „ 

Total  adhesion  weight     .     .   20*80    „ 

the  weight  required  for  adhesion  being  17*83  tons.  In  this  engine 
a  heavy  cast  iron  block  was  added,  forming  the  footplate,  in  order 
to  obtain  the  above  distribution  of  the  weight. 

Fig.  7,  Plate  26.  In  the  case  of  engines  with  Inside  cylinders  it 
is  more  easy  to  load  the  hind  wheels  sufficiently  to  prevent  an 
exaggerated  load  upon  the  leading  wheels;  because  the  latter 
being  placed  more  forward  in  the  engine  than  is  usually  possible 
with  outside  cylinders,  the  weight  on  them  is  diminished,  and  when 
the  middle  axle  is  relieved  from  unnecessary  weight  by  adjustment 
of  the  springs,  a  greater  proportion  is  taken  by  the  hind  wheels 
than  would  be  the  case  if  the  leading  wheels  were  nearer  the 
middle  wheels.  In  such  an  engine  with  cylinders  15  ins.  diameter 
by  20  ins.  stroke,  middle  and  hind  wheels  5  ft.  6  ins.  diameter, 
leading  wheels  3  ft.  6  ins.  diameter,  total  weight  25*80  tons,  the 
distribution  has  been 

Leading  axle    ....     8*39  tons 

Middle  axle 10*00  tons 

Hind  axle 7*41    „ 

Total  adhesion  weight     .     .   17*41    „ 
the  weight  required  for  adhesion  being  14*48  tons.     In  this  engine 
extra  weighting  of  the  footplate  as  in  the  previous  instance  was  not 
required. 
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Fig.  8,  Plate  26.  Another  example  of  this  class  of  engine  is  that 
in  which  the  sloping  of  the  bottom  of  the  firebox  upwards  from 
front  to  back  allows  of  the  hind  axle  being  placed  nnder  the 
ashpan,  whereby  it  carries  a  mnch  larger  share  of  the  weight  of  the 
engine  than  wonld  otherwise  be  possible.  Two  instances  of  this 
kind  are  given,  becanse  the  distribution  seems  a  very  advantageous 
one,  and  has  been  obtained  without  the  addition  of  useless  weight 
to  the  engine.  An  engine  with  cylinders  17  ins.  diameter  by  22  ins. 
stroke,  middle  and  hind  wheels  6  fb.  6  ins.  diameter,  leading  wheels 
4  ft.  0  ins.  diameter,  had  the  following  distribution : — 
Loading  axle    ....     9*86  tons 

Middle  axle 11*67  tonii 

Hind  axle 9*71    „ 

Total  adhesion  weight    .     .  21*28    „ 

the  weight  required  for  adhesion  being  17*29  tons.      In  another 
engine,  with  the  same  size  of  cylinders  and  wheels,  the  distribution 

was 

Leading  axle    ....     9*56  tons 

Middle  axle 11*01  tons 

Hind  axle 9*80    „ 

Total  adhesion  weight    .     .    20*81    „ 

the  weight  required  for  adhesion  being  17*29  tons. 

When  it  is  desired,  as  is  not  unfrequently  the  case,  to  construct 
such  engines  for  carrying  their  own  supply  of  frel  and  water,  it 
is  easy  so  to  arrange  the  position  of  the  tanks  as  to  get  an  excellent 
distribution  of  weight  upon  the  wheels;  and  if  the  tanks  be 
conveniently  placed  on  the  side  frames  pretty  equally  over  the 
coupled  axles,  the  loading  and  unloading  of  the  coupled  wheels  in 
moderately  equal  proportions  is  secured,  when  the  tanks  are  first 
filled  and  afterwards  gradually  emptied  by  the  supply  to  the  boilers  : 
whereas,  when  the  tank  is  placed  under  the  footplate,  the  hind  axle 
has  a  much  larger  proportion  of  the  gross  weight  of  the  engine 
to  carry  when  the  tank  is  ftdl  than  when  it  is  empty.  The  weights 
obtained  in  an  engine  of  this  class,  with  cylinders  15  ins.  diameter 
by  20  ins.  stroke,  middle  and  hind  wheels  5  ft.  0  ins.  diameter, 
leading  wheels  8  ft.  6  ins.  diameter,  have  been 
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Leading  axle    ....    8*50  tons 

Middle  axle 10*13  tons 

Hind  axle 951    „ 

Total  adhesion  weight      .     .   19^64,  „ 

the  weight  required  for  adhesion  being  15*94  tons. 

Fig.  9,  Plate  26.  One  of  the  most  generally  nseftil  classes  of 
engine  for  the  common  purposes  of  railways  is  the  six-wheeled 
engine  having  the  Four  front  wheels  Coupled,  since,  it  can  be  used 
for  ordinary  goods  trains,  or  for  heavy  passenger  trains  when  not 
run  at  too  great  a  speed.  The  advantage  of  such  an  arrangement 
of  engine,  if  made  with  Inside  cylinders,  is  that  nearly  the  whole 
weight  of  the  engine  may  be  conveniently  distributed  upon  the  four 
coupled  wheels,  leaving  but  a  small  proportion  for  the  hind  wheels, 
which  in  this  case  do  little  more  than  serve  to  avoid  the 
disadvantages  of  an  overhanging  firebox.  Where  the  load  to  be 
drawn  permits  the  use  of  such  an  engine,  the  additional  wear  and 
tear  necessarily  following  upon  the  adoption  of  six  coupled  wheds 
is  obviated.  The  following  is  a  good  example  of  distribution  of 
weight  on  the  axles  of  an  engine  of  this  class,  with  inside 
cylinders  16  ins.  diameter  by  22  ins.  stroke,  leading  and  middle 
wheels  5  ft.  0  ins.  diameter,  hind  wheels  3  ft.  6  ins.  diameter : — 

Leading  axle 9*77  tons 

Middle  axle 1027    „ 

Hind  axle 4i'42  tons 

Total  adhesion  weight    .     .    20'04    „ 

the  weight  required  for  adhesion  being  19'91  tons. 

Fig.  10,  Plate  27.  It  is  evident  that  by  changing  the  relative 
positions  of  the  leading  and  middle  axles,  the  distribution  of  the 
weight  in  the  last  example  may  be  varied  as  required  without 
danger  of  getting  a  disproportionate  length  of  connecting  rod. 
But  where  such  engines  are  to  be  constructed  with  Outside 
cylinders,  a  difficulty  as  to  distribution  immediately  arises,  since 
the  large  diameter  of  the  front  wheels  renders  it  necessary  that  the 
leading  axle  be  placed  at  a  considerable  distance  behind  the 
cylinders,  and  thus  a  much  larger  proportion  of  the  weight  of  the 

R 
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engine  is  thrown  upon  the  leading  wheels  than  is  either  necessary 
or  desirable.  The  distribution  obtained  in  an  engine  with  outside 
cylinders  15  ins.  diameter  by  22  ins.  stroke,  leading  and  middle 
wheels  4  ft.  6  ins»  diameter,  has  been 

Leading  axle 10*00  tons 

Middle  axle .    11-07    „ 

Hind  axle 4i'62  tons 

Total  adhesion  weight    .     .    21'07    „ 

the  weight  required  for  adhesion  being  19*47  tons. 

Engines  of  this  class  are  sometimes  required  to  carry  their  own 
supply  of  water  and  fuel,  in  which  case  it  seems  most  desirable  to 
pleuse  the  water  tank  on  the  top  of  the  boiler,  so  as  to  increase  the 
load  proportionately  on  the  coupled  wheels,  and  let  the  hind  whbels 
cany  the  increased  weight  involved  in  the  fuel  boxes  and  fiiel. 
This  arrangement  secures  an  equal  increase  and  decrease  in  the 
proportion  of  the  weight  carried  by  the  coupled  wheels,  as  the 
tank  is  filled  and  emptied ;  and  avoids  the  objection  that  arises  in 
placiog  the  tank  under  the  footplate,  from  the  great  disproportion  of 
the  load  upon  the  hind  wheels  when  they  carry  nearly  the  whole 
weight  of  the  water,  fuel,  and  tanks.  The  distribution  of  weight  in 
a  "  saddle  "  tank  engine,  having  Inside  cylinders  14  ins.  diameter  by 
20  ins.  stroke,  leading  and  middle  wheels  4  ft.  9  ins.  diameter,  is 

Leading  axle 9*60  tons 

Middle  axle 11-24    „ 

Hind  axle    ....     5*07  tons 

Total  adhesion  weight    .     .    20*84    „ 

the  weight  required  for  adhesion  being  14*59  tons.  Should  it  be 
desired  to  add  tanks  to  engines  of  this  class  with  Outside  cylinders, 
it  is  clear  that  a  certain  amount  of  the  superfluous  weight  upon  the 
leading  wheels  might  be  counterbalanced  by  placing  the  tank  under 
the  footplate;  but  the  disadvantage  would  still  continue  of 
disproportionately  loaded  axles,  according  as  there  was  a  greater  or 
less  quantity  of  water  in  the  tank. 

Fig.  11,  Plate  27.  The  next  class  of  engines  to  be  referred  to  is 
that  used  for  heavy  goods  traffic  with  all   Six  wheels  Coupled. 
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Socli  engmes  constrncted  with  Inside  cylinders  are  very  common, 
tfaon^  a  good  distribution  of  weight  upon  their  axles  is  not 
easy,  since  the  hind  axle  when  placed  behind  the  firebox  has 
naturally  but  a  comparatively  small  proportion  of  the  weight  of  the 
engine  to  carry  ;  and  if,  in  order  to  obviate  this  disadvantage,  it  is 
soaght  to  move  the  middle  axle  nearer  to  the  cylinders,  the  due 
length  of  the  connecting  rod  is  sacrificed,  unless  the  length  of  the 
boiler  be  increased,  giving  a  corresponding  increase  in  the  wheel 
base  of  the  engine,  which  in  railways  having  sharp  curves  is  by  no 
means  desirable,  especially  in  an  engine  having  all  the  wheels 
coupled.  A  favourable  distribution  of  weight  in  an  engine  of  this 
kind  with  inside  cylinders,  16  ins.  diameter  by  24  ins.  stroke,  and 
wheels  5  ft.  1|  in.  diameter,  is 

Leading  axle 10*60  tonB 

Middle  axle 1090    „ 

Hind  axle 7*25    „ 

Total  adhesion  weight    .     .    28'75    „ 

the  weight  required  for  adhesion  being  21-18  tons,  and  the  wheel 
base  16  ft.  3  ins. 

Fig.  12,  Plate  27.  A  large  number  of  engines  vrith  Six  Coupled 
wheels  have  been  built  with  all  their  axles  underneath  the 
cylindrical  part  of  the  boiler,  so  as  to  attain  the  double  object  of 
a  short  wheel  base  and  a  more  equal  distribution  of  weight  upon 
the  axles.  With  such  an  arrangement  the  following  have  been  the 
results  in  an  engine  with  inside  cylinders  18  ins.  diameter  by 
24  ins.  stroke,  and  wheels  6  ft.  0  ins.  diameter : — 

Leading  axle 7*70  tons 

Middle  axle 10-35    „ 

Hind  axle 9  95    „ 

Total  adhesion  weight    .     .    28-00    „ 

the  weight  required  for  adhesion  being  27*45  tons,  and  the  wheel 
base  12  ft.  2  ins.  The  advantage  so  obtained  of  a  short  wheel  base  is 
however  counterbalanced  to  a  considerable  extent  by  the  instabiHty 
created  by  the  overhanging  firebox,  which,  when  the  firebox  is 
large,  is  a  matter  of  serious  importance. 
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Fig.  13,  Plate  28.  As  a  mean  between  the  extremes  of  the 
last  two  examples  stands  the  Six- wheeled  Goods  engine  with  long 
firebox  having  the  grate  sloping  upwards  from  front  to  back.  In 
this  case  not  only  is  the  wheel  base  shortened  as  compared  with  the 
engine  shown  in  Fig.  11 ;  bnt  the  weight  on  the  hind  axle,  owing  to 
its  position  nnder  the  ashpan,  is  increased  as  compared  with  engines 
having  the  hind  conpled  axle  behind  the  firebox.  The  distribution 
of  weight  in  such  an  engine,  with  inside  cylinders  17  ins.  diameter 
by  24  ins.  stroke,  and  wheels  5  ft.  0  ins.  diameter,  has  been 

Leading  axle 10*64  tons 

Middle  axle 11-57    „ 

Hind  axle 9*73    „ 

Total  adhesion  weight    .     .     81-94    „ 

the  weight  required  for  adhesion  being  24*58  tons,  and  the  wheel 
base  15  ft.  6  ins. 

Fig.  14,  Plate  28.  The  construction  of  engines  having  Six  Coupled 
wheels  with  Outside  cylinders,  although  frequently  met  with  on  the 
continent,  is  in  this  country  very  unusual,  since  such  an  arrangement 
aggravates  the  disproportion  between  the  weight  upon  the  leading 
and  that  upon  the  hind  axle,  when  the  hind  axle  is  placed  behind 
the  firebox ;  although  in  the  cases  where  the  axles  are  all  under  the 
boiler,  the  greater  weight  and  more  forward  position  of  the  outside 
cylinders  tends  in  some  measure  to  counterbalance  the  overhanging 
firebox.  The  distribution  obtained  in  an  outside-cylinder  engine 
with  overhanging  firebox,  having  cylinders  17 ^  ins.  diameter  by 
24|  ins.  stroke,  and  wheels  4  ft.  3  ins.  diameter,  has  been 

Leading  axle 11*20  tons 

Middle  axle 10*46    „ 

Hind  axle 10*95    „ 

Total  adhesion  weight     .     .     32*61    „ 

the  weight  required  for  adhesion  being  30*35  tons,  and  the  wheel 
base  11  ft.  0  ins. 

For  Mineral  and  Coal  traffic,  engines  are  frequently  constructed 
having  six  wheels  coupled  and  with  tanks  for  their  water  and  ftiel 
supply.  As  in  the  case  of  other  engines  with  the  hind  wheels 
coupled,  so  here  the  position  of  the  tanks  can  be  so  arranged  as  to 
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equalise  the  xmfavonrable  distribution  of  weight  upon  the  hind 
wheels  when  the  hind  axle  is  placed  behind  the  firebox ;  since  by 
fixing  a  long  side  or  wing  tank  on  each  side  of  the  engine  over  the 
middle  and  hind  axles,  it  becomes  possible  to  adjust  the  weight  on 
these  two  axles  in  such  a  manner  as  to  be  somewhat  in  proportion 
to  that  upon  the  leading  axle,  when  the  fuel  and  water  supply  is  at 
its  average  amount.  The  distribution  of  weight  obtained  in  an 
engine  of  this  class,  with  cylinders  16  ins.  diameter  by  24  ins.  stroke, 
and  wheels  4  fb.  6  ins.  diameter,  has  been 

Leading  axle 9*80  tons 

Middle  axle 10-85    „ 

Hind  axle 9-80    „ 

Total  adhesion  weight     .     .    30-45    „ 
the  weight  required  for  adhesion  being  2418  tons,  and  the  wheel 
base  12  fb.  6  ins. 

In  some  instances  such  engines  are  constructed  vrith  the  tank 
under  the  footplate,  but  these  are  again  subject  to  the  disadvantage 
of  too  great  a  variation  in  the  weight  upon  the  hind  wheels, 
depending  upon  whether  the  tank  and  ftiel  boxes  are  empty  or  ftiU. 
In  an  engine  built  thus,  with  cylinders  16  ins.  diameter  by  22  ins. 
stroke,  and  wheels  3  ft.  10  ins.  diameter,  the  distribution  has  been 

Leading  axle 8*40  tons 

Middle  axle 10-62    „ 

Hind  axle 9*79    „ 

Total  adhesion  weight    .     .    28-81    „ 

the  weight  required  for  adhesion  being  25-96  tons,  and  the  wheel 
base  13  ft.  5  ins. 

On  Mineral  railways  having  sharp  curves  it  is  frequently  desired 
to  reduce  the  wheel  base  to  the  smallest  possible  limit,  and 
consequently  all  the  axles  of  the  engines  are  placed  between  the 
firebox  and  smokebox.  Under  these  circumstances  the  tank  has 
to  be  placed  on  the  top  of  the  boiler,  and  so  arranged  that  whether 
ftiU  or  empty  each  pair  of  wheels  shall  be  proportionately  loaded 
and  relieved.  The  distribution  of  weight  in  such  an  engine,  with 
inside  cylinders  16  ins.  diameter  by  24  ins.  stroke,  and  wheels 
4  ft.  6  ins.  diameter,  has  been 
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Leading  axle 8*50  tons 

Middle  axle 11-00    „ 

Hind  axle 10*75    „ 

Total  adhesion  weight    .     .     30*25    „ 

the  weight  required  for  adhesion  being  24*13  tons,  and  the  wheel 
base  11  ft.  8  ins. 

Fig.  15,  Plate  28.  Bogie  Engines  have  been  rendered  necessary 
by  the  construction  of  railways  with  not  very  heavy  permanent  way 
and  sharp  curves ;  in  consequence  of  which  a  short  wheel  bikse  has 
become  a  necessity,  and  in  heavy  engines  it  has  been  found  requisite 
to  carry  the  weight  of  the  leading  end  upon  four  wheels  instead  of 
upon  two,  the  wheels  being  placed  very  far  forward  and  thereby 
necessitating  considerable  lateral  freedom  of  motion  upon  the  curves. 
Engines  of  this  class  working  with  tenders  and  having  their  middle 
and  hind  wheels  coupled  are  used  almost  universally  on  the  American 
railways,  both  for  passenger  and  goods  trafl&c.  It  appears  that  in 
engines  so  constructed  a  considerable  amount  of  the  weight  of  the 
engine  which  ought  to  be  available  for  adhesion  is  carried  on  the 
bogie  wheels,  in  consequence  of  the  increased  weight  of  the  engine 
involved  in  the  use  and  construction  of  the  bogie,  together  with 
the  heavy  spark-catching  chimney,  and  the  usual  cow-catcher  in 
front,  as  shown  in  Fig.  15.  An  incidental  objection  to  the  use  of 
bogies  is  the  necessity  for  employing  wheels  of  small  diameter,  so  as 
to  obtain  clearance  under  the  frames  and  cylinders,  their  diameter 
being  usually  less  than  that  of  the  carriage  and  wagon  wheels.  The 
weights  obtained  in  an  engine  of  this  kind,  with  outside  cylinders 
13  ins.  diameter  by  18  ins.  stroke,  and  four  coupled  driving  wheels 
5  ft.  6  ins.  diameter,  have  been 

Bogie  axles 8*00  tons 

Middle  axle 8*50  tons 

Hiadaxle 750    „ 

Total  adhesion  weight    .    .    .  16*00    „ 
the  weight  required  for  adhesion  being  9*  79  tons,  and  the  wheel 
base  13  ft.  6  ins.  from  centre  of  bogie  to  hind  wheel  centare.    When 
it  is  desired  to  carry  a  water  tank  in  such  engines,  the  tank  may  be 
so  arranged  as  to  throw  all  the  additional  weight  upon  the  coupled 
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wheels,  and  indeed  as  &r  as  possible  to  equalise  the  weight  npon 
them. 

With  regard  to  the  general  principles  of  distribution  of  weight 
upon  the  axles  of  six- wheeled  locomotive  engines,  it  seems  to  be  the 
common  opinion  that  the  middle  axle,  to  which  the  power  is  first 
applied  from  the  cylinders,  should  carry  the  greatest  weight,  and 
next  to  this  the  leading  axle,  thus  leaving  the  lightest  load  to  be 
borne  by  the  hind  axle ;  this  arrangement  being  thought  desirable 
with  a  view  to  keep  the  front  of  the  engine  heavier  on  the  rails 
than  the  hind  end,  and  so  secure  it  from  risk  of  jumping  off. 
The  writer  would  however  suggest  whether  such  a  necessity  for 
placing  a  greater  load  on  the  leading  than  on  the  hind  axle  really 
exists ;  since  it  seems  unlikely  that  any  engine  with  a  reasonable 
weight  upon  the  leading  axle,  and  consequently  with  a  reasonably 
strong  spring  for  keeping  the  wheels  down  on  the  road  in  the  event 
of  blows  being  received,  could  ever  leave  the  line  merely  because  the 
hind  axle  carried  a  greater  amount  of  weight  than  the*  leading  axle. 
It  should  ftirther  be  remembered  that  in  all  cases  where  the  hind 
wheels  of  an  engine  are  coupled  and  the  leading  wheels  not  so, 
an  arrangement  which  is  becoming  more  and  more  frequent,  it  is 
absolutely  desirable,  in  order  to  obtain  the  maximum  adhesion,  that 
the  hind  coupled  wheels  should  carry  a  weight  nearly  equal  to 
that  upon  the  middle  wheels,  and  consequently  greater  than  that 
usually  placed  upon  the  leading  wheels.  In  this  respect  there  is 
a  disadvantage  in  the  employment  of  engines  with  outside  cylinders, 
because  of  the  greater  weight  of  the  front  part  of  the  engine  in  that 
arrangement,  and  the  consequent  loss  of  a  larger  proportion  of  the 
total  weight  for  adhesion.  This  objection  applies  only  to  outside 
cylinder  engines  having  their  leading  wheels  uncoupled :  but  on  the 
other  hand  to  couple  the  leading  wheels  of  such  engines  involves 
considerable  complications  and  difficulties. 

Another  point  of  interest  connected  with  the  disiribution  of  the 
weight  is  the  effect  produced  upon  the  stability  of  a  locomotive  by 
the  difference  between  the  portion  of  weight  carried  upon  each 
sprmg  and  the  total  weight  carried  by  the  rail  at  each  wheel :  in  all 
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the  preceding  examples  of  distribution  tliat  have  been  given,  the 
weights  stated  are  those  npon  the  rails  at  each  axle.  In  engines 
with  inside  cylinders  this  difference  is  often  very  considerable,  and 
must  exercise  a  great  influence  upon  the  tendency  to  rise  and  fall 
on  the  springs ;  and  often  when,  in  taking  account  of  the  weight 
upon  the  rails  only,  the  front  pair  of  wheels  is  found  to  press  upon  the 
rails  with  a  less  weight  than  the  hind  wheels,  the  foct  is  lost  sight 
of  that  the  weight  upon  the  leading  springs  is  greater  than  upon 
the  hind  pair,  and  the  tendency  to  leave  the  road  is  consequently 
diminished  in  front.  This  arises  from  the  circumstance  that,  in  the 
case  of  the  middle  and  hind  coupled  wheels,  the  weight  of  the  parts 
not  carried  by  the  springs — ^namely  the  wheels,  axles,  axleboxes, 
springs,  and  gearing — ^is  greatly  in  excess  as  compared  with  the 
weight  of  the  corresponding  parts  not  carried  by  the  front  springs. 
As  an  instance  may  be  taken  one  of  the  engines  already  referred 
to,  Fig.  8,  Plate  26,  being  an  inside-cylinder  engine  with  cranked 
middle  axle,  having  cylinders  17  ins.  diameter  by  22  ins.  stroke, 
leading  wheels  4  ft.  0  ins.  diameter,  middle  and  hind  wheels  coupled 
6  ft.  6  ins.  diameter.  Here  the  weights  upon  the  rails  and  upon 
the  springs  at  the  several  axles  were  as  follows  : — 

Weight  upon  Weight  upon 

Bails.  Springs. 

Leading  axle ....      9*36  tons     .    .    7*91  tons. 
Middle  axle    ....    11-57    „       .    .    777    „ 
Hind  axle       ....      9*71    „       .     .    678    „ 
thus  showing  that  the  mass  of  the  engine  above  the  springs,  and 
having  hberty  to  leave  a  line  parallel  to  the  plane  of  the  railway, 
had  a  sufficient  excess  of  weight  in  front  to  "  keep  down  the  nose," 
amounting  to  1*13  tons  excess  of  weight  upon  the  leading  springs  as 
compared  with  the  hind  springs ;  although  the  weight  obtained  for 
adhesion  by  coupling  the  hind  wheels  was  0*35  ton  greater  than  if 
the  front  wheels  had  been  coupled  instead.     In  this  example  the 
proportion  of  the  weight  carried  on  the  springs  to  the  total  weight 
upon  the  rails  at  each  axle  was,  at  the  -leading  axle  85  per  cent., 
at  the  middle  axle  67  per  cent.,  and  at  the  hind  axle  70  per  cent. ; 
the  total  weight  carried  upon  the  springs  being  73  per  cent,  of  the 
total  weight  on  the  rails. 
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The  difficulties  now  presented  to  tlie  proper  distribution  of 
weight  npon  the  axles  of  locomotives  are  considerably  increased  by 
the  prevalent  adoption  of  sharper  curves  in  the  construction  of 
railways  than  were  formerly  used,  and  the  consequent  necessity  for 
shortening  the  wheel  base.  Continental  engineers  have  been 
driven  by  similar  difficulties  to  adopt  in  a  large  number  of  cases 
the  plan  of  placing  all  the  axles  of  the  engine  under  the 
cylindrical  part  of  the  boiler,  thus  gaining  a  short  wheel  base  by 
letting  the  firebox  overhang  behind.  This  plan  is  hable  to  considerable 
objection,  on  account  of  overloading  the  hind  axle  of  the  engine 
to  such  an  extent  as  to  cause  a  galloping  motion  when  running 
feat;  and  as  it  has  now  become  more  necessary,  from  the  introduction 
of  coal  as  fuel  and  for  other  reasons,  to  adopt  fireboxes  of  larger 
dimensions  and  increased  weight,  the  objection  to  their  overhanging 
the  hind  axle  has  been  proportionately  increased.  At  the  same 
time  the  arrangement  of  sloping  firegrate  already  referred  to  greatly 
fecilitates  the  adjustment  of  weight  upon  the  hind  wheels ;  since, 
when  the  frames  are  placed  outside  the  wheels,  the  axle  may  pass 
across  under  the  firebox  at  any  point  necessary  to  bring  the  desired 
weight  upon  it,  so  that  not  only  is  the  long  wheel  base  avoided, 
but  also  the  overhanging  of  the  firebox ;  while  the  instability  of 
the  engine  consequent  upon  the  latter  is  guarded  against.  An 
unavoidable  weight  is  often  thrown  upon  the  leading  uncoupled 
axles  of  locomotives  by  the  obligation  of  keeping  the  middle  axle 
sufficiently  &r  back  to  get  adequate  length  of  connecting  rod: 
hence  it  becomes  necessary  in  some  instances  either  to  increase 
the  length  of  the  boiler  in  order  to  obtain  sufficient  weight  behind 
the  middle  axle,  thus  involving  a  considerable  lengthening  of  the 
wheel  base ;  or  else  to  adopt  the  heavy  sloping  firebox  accompanied 
by  outside  frames. 

By  care  in  arranging  the  pdsition  of  the  middle  axle  of  a 
locomotive  in  relation  to  the  centre  of  gravity  of  the  mass  carried 
upon  the  springs  (not  the  centre  of  gravity  of  the  whole  engine) 
a  fair  distribution  of  the  weight  may  usually  be  secured.  It  is 
evident  that  only  the  portion  of  the  engine  above  the  springs  can 
be  affected  by  the  adjustment  of  the  spring  attachments ;    and  it 
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will  be  found  that  the  centre  of  gravity  of  this  portion  varies  to  the 
extent  of  some  inches  from  that  of  the  whole  mass  of  the  engine. 
Taking  then  as  a  basis  the  centre  of  gravity  of  this  adjustable 
portion  of  the  engine,  the  effect  produced  upon  the  distribution  of 
the  load  by  any  alteration  either  in  the  position  of  the  axles  or  in 
the  screwing  up  of  the  spring  links  can  be  readily  calculated  by 
dividing  the  total  adjustable  load  in  such  proportions  that  the 
products  of  the  several  loads  upon  the  axles  multiplied  by  their 
respective  distances  from  the  centre  of  gravity  shall  balance 
one  another  on  each  side  of  that  centre. 

In  the  following  example  the  results  thus  obtained  by 
calculation  were  verified  by  the  actual  weights  upon  a  weighing 
machine,  in  the  case  of  a  single  passenger  engine,  having  the  centre 
of  gravity  of  the  adjustable  load  8|  inches  in  front  of  the  middle 
axle,  as  shown  at  G  in  Fig.  16,  Plate  29,  the  leading  axle  being 
6  ft.  8  ins.  in  front  of  the  middle  axle,  and  the  hind  axle  8  ft.  0  ins* 
behind  it.  The  several  distances  of  the  axles  from  the  centre  of 
gravity  were  consequently,  leading  axle  71 1  ins.  forward,  and 
middle  and  hind  axles  8|  and  104|  ins.  respectively  backward, 
as  shown  in  Fig.  16.  The  middle  driving  springs  were  screwed 
up  in  the  three  weighings  according  to  the  several  different 
adjustments  enumerated,  the  load  then  apportioning  itself  corres- 
pondingly at  the  leading  and  hind  axles,  as  follows : — 

Leading  axle.        Middle  axle.         Hind  axle.      Total  Weight. 

Tons.  Tons.  Tons.  Tons. 

1st  weighing    11-86  +        10*20  +       8-06  =       30*10 

2nd      „  10*55  +        12*50  +       705  ==       3010 

3rd       „  9*65  +        14*20  +       6*25  =       3010 

These  being  the  actual  results  ascertained  by  the  weighing  machine, 
the  following  are  the  results  obtained  by  calculation  of  the 
distribution  of  the  weight,  starting  in  each  case  with  the  respective 
loads  above  given  at  the  middle  axle.  The  constant  weight  at  the 
several  axles  (that  is  the  weight  of  the  wheels,  axle,  axleboxes, 
springs,  and  gearing)  was,  leading  1*76  tons,  middle  3'66  tons,  and 
hind  1*68  tons ;  total  710  tons,  leaving  23*00  tons  adjustable 
weight  above  the  springs. 
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Ocdoulated  Distribution  of  Weight, 


Leading 
axle. 

Middle 
axle. 

Hind 
axle. 

Total 
Weight. 

let  weighing. 
10-20  tons 

at  Middle  axle. 
(See  Note  A.) 

Acynstable  weight 
Constant        „ 

Total  ... 

Tons. 

10-09 

1-76 

Tons. 
6-64^ 
8-66 

Tons. 
6-37 
1-68 

Tons. 

2300 

7-10 

11-86 

10-20 

805 

30-10 

2nd  w^hing. 

If  60  tons 

at  Middle  axle. 

(See  Note  B.) 

A^QStable  weight 
Constant       „ 

Total  .    .    . 

8-83 
1-76 

8-84 
8-66 

5-33 
1-68 

2300 
7-10 

10-59 

12-50 

7-01 

30-10 

3rd  weighing. 

14-20  tons 
at  Middle  ade. 

(See  Note  C.) 

Adjustable  weight 
Constant       „ 

Total  .    .    . 

7-91 
1-76 

10-54 
3-66 

4-55 
1-68 

23-00 
7-10 

9-67 

14-20 

6-23 

30-10 

The  effect  tliat  would  be  caused  in  relieving  the  leading  axle  of 
a  portion  of  the  weight  by  shifting  the  position  of  the  middle  axle  in 
this  engine  is  ascertained  by  the  following  calculation  for  a  case  of 
shifting  the  axle  6  ins.  more  forward,  as  shown  by  the  dotted 
position  in  Fig.  16,  Plate  29,  in  the  instance  of  the  second  of  the 
above  adjustments  of  the  middle  springs,  with  12-60  tons  total  at 
the  middle  axle  : — 

(See  Note  D.) 

Adjustable  weight 
Constant        ,, 


Leading  axle. 

Middle  axle. 

Hind  axle. 

Total  Weight. 

Tons. 

Tons. 

Tons. 

Tons. 

.      8-53    . 

.       8-84    . 

.      5-63    . 

.    23-00 

.      1-76    . 

.      3-66    . 

1-68    . 

.      7-10 

Total. 


10-29 


12-50 


7-31 


8010 


the  effect  produced  being  therefore  a  transference  of  ^  ton  from  the 
leading  to  the  hind  axle  by  shifting  the  middle  axle  6  ins.  forwarder. 


Tons.        Ins.  Tons.       Ins.  Tons.        Ins. 

Note  A.  1009  x  71i  =  (  654  x  8i)  +  (6-37  x  104i) 
„  B.  8-83  X  71J  =  (  8-84  X  8i)  +  (6-33  x  104^) 
„  C.  7-91  X  71i  =  (10-54  ^  8i)  +  (4-55  x  104i) 
„  D.  8-53  X  7li  =  (  8-84  x  2^)  +  (5-63  x  104i> 
The  respective  leverages  are  marked  in  Fig.  16,  Hate  29. 
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In  the  case  of  engines  with  the  middle  and  hind  wheels  coupled. 
Compensating  or  Connecting  Levers  are  frequently  employed,  as 
shown  in  Fig.  17,  Plate  29,  for  the  purpose  of  equalising  the  weights 
on  the  two  driving  axles.  The  back  end  of  the  middle  spring  and 
the  front  end  of  the  hind  spring  are  connected  together  by  the 
lever,  which  is  attached  to  the  frame  of  the  engine  by  a  centre 
pin  A  on  which  it  vibrates,  the  other  two  ends  of  the  springs  being 
each  connected  direct  to  the  frame  as  usual.  When  the  two  arms 
of  the  lever  are  equal  in  length,  the  weights  carried  by  the  two 
springs  are  necessarily  rendered  equal,  however  different  they  may 
have  been  when  the  springs  were  attached  direct  to  the  frame  at 
both  ends,  before  connection  by  the  lever;  because  the  forces 
of  tension  at  the  two  ends  of  an  equal-armed  lever  must  always 
be  equal.  This  change  in  the  distribution  of  the  load  is  produced 
by  the  more  heavily  loaded  middle  spring  becoming  partially 
released  from  compression,  adding  at  the  same  time  to  the 
compression  of  the  more  lightly  loaded  hind  spring  through  the 
action  of  the  connecting  lever,  as  shown  in  Fig.  18.  The  effect  of 
the  connecting  lever  is  thus  to  blend  the  two  springs  into  one,  and 
to  produce  the  same  distribution  of  load  as  if  the  middle  and  hind 
axles  were  removed  and  replaced  by  a  single  axle  fixed  in  the 
position  of  the  axis  A  of  the  connecting  lever  and  carrying  their 
combined  load ;  thereby  transforming  the  engine  in  effect  into 
a  four-wheeled  engine.  Exactly  the  same  result  however  can  be 
produced  without  the  connecting  lever,  by  simply  screwing  up  the 
hind  spring  to  the  same  extent  as  it  is  compressed  by  the  action  of 
the  lever,  and  slacking  back  the  middle  spring  to  the  corresponding 
extent.  But  the  objectionable  result  then  arises  in  both  cases  alike, 
that  a  portion  of  the  load  of  which  the  middle  wheels  are  relieveki 
is  thrown  upon  the  leading  wheels,  thereby  causing  the  loss  of  so 
much  of  the  total  driving  adhesion ;  since  the  leading  axle  is  the 
fdlcrum  upon  which  the  engine  is  lifted  when  screwing  up  the  hind 
springs,  as  shown  by  the  diagram.  Fig.  19,  Plate  29.  Where  the 
connecting  lever  is  inserted  between  the  leading  and  middle  springs, 
the  same  remark  applies  to  the  effect  produced  on  the  distribution 
of  the  weight  as  where  the  middle  and  hind  springs  are  connected  by 
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a  lever:  iliat  no  distribution  of  the  vreiglit  is  thereby  obtained 
which  cannot  be  equally  obtained  with  independent  springs. 
It  has  to  be  remarked  however  that,  in  consequence  of  the  engine 
being  transformed  virtually  into  a  four-wheeled  engine  by  the 
insertion  of  connecting  levers,  the  original  distribution  of  the 
weight  can  never  be  altered  in  any  degree  after  the  engine  is  built 
and  fitted  with  the  levers ;  whereas  with  independent  springs  the 
six*wheeled  engine  retaios  the  ftdl  advantage  of  its  three  axles, 
whereby  the  original  distribution  of  the  weight  can  be  altered  at  any 
subsequent  time  within  a  very  extensive  range,  as  is  seen  by 
the  example  already  given  of  the  three  weighings  of  the  same 
engine.  Moreover  with  a  connecting  lever  of  equal  arms,  although 
the  weights  upon  the  connected  springs  are  rendered  equal,  the 
pressure  of  the  wheels  upon  the  rails  and  consequently  their  adhesion 
wiD  still  be  unequal,  on  account  of  the  greater  weight  of  the  middle 
axle  and  gearing. 

These  conclusions  are  illustrated  by  the  following  examples, 
obtained  by  actual  trials  of  the  distribution  by  means  of  the 
accompanying  working  model,  constructed  for  the  purpose  of 
demonstrating  the  real  action  of  the  connecting  lever.  The  model 
represents  an  engine  frame  supported  by  spring  balances  at  three 
points  corresponding  to  the  position  of  the  three  axles  in  the 
engine,  and  weighted  by  adjustable  weights  at  the  point  where  the 
centre  of  gravity  of  the  portion  of  the  engine  above  the  springs 
would  be  situated,  with  a  connecting  lever  of  equal  arms  between 
the  mid41e  and  hind,  or  the  leading  and  middle  springs,  capable  of 
being  thrown  in  or  out  of  action  as  desired ;  the  scales  of  the 
spring  balances  thus  affording  a  ready  means  of  reading  off 
accurately  the  actual  distribution  of  the  weight  at  each  spring  in 
the  several  trials.  The  model  was  weighted  to  represent  an  engine 
having  an  adjustable  weight  of  22*37  tons,  with  the  centre  of 
gravity  in  front  of  the  middle  axle ;  and  the  connecting  lever  was 
inserted  first  between  the  middle  and  hind  springs,  and  afterwards 
betw^n  the  leading  and  middle  springs.  The  weight  was  first 
distributed  on  the  several  springs  by  means  of  the  spring  links 
alone,  the  connecting  lever  being  fixed  go  as  to  be  out  of  action ;  the 
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lever  was  then  released  and  thrown  into  action,  when  the  weight 
assximed  the  new  distribution  recorded;  after  which  this  last 
distribution  was  again  effected  by  means  of  the  independent  springs, 
the  connecting  lever  being  thrown  out  of  action  as  before.  The 
slight  discrepancies  in  the  results  arose  from  the  friction  of  the 
model,  which  could  not  be  entirely  got  rid  of. 

With  the  connecting  lever  between  the  middle  and  hind  springs, 
the  following  were  the  results  read  off  from  the  spring  balances : — 

Leading  spring.  Middle  spring.       Hind  spring. 
Tons.  Tons.  Tons. 

Original  distribntion  ")        « ^..  ^  ^^  .  ^^ 

..,      ,  ..       ,  {       9-37  .  9-00  .  400 

witnont  connecting  lever  ) 

Lever  in  action 11*12  .  5*72    connected   5'52 

Same    distribntion  *),,,,  ^  ^^  ^-, 

.^,   .   ,         ,    ^       .         (     1111  .  5-73  .  6-51 

with  independent  springs  ) 

With  the  connecting  lever  between  the  leading  and  middle 
springs,  the  resxdts  obtained  were  the  following : — 

Leading  spring.  Middle  spring.       Hind  spring. 
Tons.  Tons.  Tons. 

Original  distribution  )      ,  ^  ^^  .•  ..^  ^  «^ 

.,     ,  ,.      ,  \     10-00         .         7-60  .  4-87 

witnont  connecting  lever  j 

Lever  in  action 9*13    connected   9'10  .  4*13 

Same    diBtribution  .       ^.^^  .  9-10  .  4-17 

with  independent  springs  ) 

The  above  results  show  therefore  that  nothing  is  gained  by  the 
application  of  the  connecting  lever  in  equalising  the  loads  on  the 
connected  springs  that  cannot  be  also  obtained  without  the  lever  by 
independent  springs.  This  is  a  point  of  some  importance  to  be 
clearly  realised,  because  an  opinion  has  prevailed  that  the  use  of  the 
connecting  lever  gives  facilities  not  otherwise  to  be  obtained  for 
adjusting  the  'distribution  of  the  weight. 

The  first  of  the  above  examples,  with  the  connecting  lever 
between  the  middle  and  hind  springs,  shows  also  the  effect  of  the 
equal-armed  lever  in  that  case  in  throwing  an  increased  weight 
upon  the  leading  spring :  for  while  the  middle  spring  is  relieved  to 
the  extent  of  3'27  tons  load,  only  1'52  tons  of  this  is  added  to  the 
compression  of  the  hind  spring,  and  the  difference,  1*75  tons,  is  all 
thrown  upon  the  leading  spring.     This  case  is  illustrated  by  the 
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diagrams  in  Plate  29,  where  Fig.  17  shows  tlie  position  of  tlie  springs 
in  the  original  distribution  without  the  connecting  lever  A  being  in 
action;  and  Fig.  18  represents  the  result  of  the  lever  coming  into 
action,  the  hind  spring  being  thereby  farther  compressed,  the 
middle  spring  relieved,  and  an  additional  load  thrown  upon  the 
leading  spring. 

The  use  of  the  connecting  lever  has  however  an  independent 
advantage  in  passing  over  an  inequality  in  the  rails,  because  the 
second  spring  connected  by  it  partly  shares  in  each  deflection 
of  the  first  spring,  and  the  play  of  the  first  spring  is  thereby 
diminished  to  that  extent ;  but  the  same  result  is  attained  with 
independent  springs,  by  employing  proportionately  longer  springs 
wherever  practicable.  It  has  to  be  noticed  moreover  that  with  the 
connecting  lever  the  objection  is  incurred  of  causing  the  breaking 
down  of  both  springs  in  the  event  of  the  failure  of  either  of  them. 
In  connecting  the  leading  with  the  middle  springs,  levers  with 
miequal  arms  have  sometimes  been  employed,  the  length  of  the 
arms  being  inversely  proportionate  to  the  loads  on  the  two  springs, 
so  that  the  distribution  of  the  load  is  not  disturbed  by  inserting  the 
levers.  In  this  case  the  levers  have  the  same  action  as  before  of 
lessening  the  play  of  the  springs  in  running  over  any  inequality  in 
the  rails  ;  but  the  same  objection  of  causing  a  break  down  of  both 
springs  by  any  Mlure  of  either  applies  as  before,  though  with 
greater  force  in  the  case  of  the  leading  springs  on  which  the  safe 
ronning  of  the  engine  depends. 
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Mr.  Robinson  exhibited  the  working  model  constructed  for  the 
purpose  of  illustrating  the  action  of  the  connecting  lever,  and 
showing  that  any  distribution  of  the  weight  obtained  with  the 
connecting  lever  was  effected  equally  well  with  independent  springs 
by  a  corresponding  adjustment  of  the  spring  links.  The  particular 
case  of  a  six-wheeled  engine  with  the  four  hind  wheels  coupled, 
having  the  centre  of  gravity  in  front  of  the  middle  axle,  was 
illustrated  by  means  of  the  model,  and  it  was  shown  that  the 
insertion  of  a  connecting  lever  to  equalise  the  weights  on  the 
middle  and  hind  wheels  caused  an  actual  loss  of  driving  adhesion, 
by  throwing  an  increased  load  on  the  leading  wheels. 

The  Chairman  observed  that  it  appeared  the  only  point  gained 
by  the  nse  of  a  connecting  lever  was  that  it  ensured  that  the 
distribution  of  the  load  between  the  connected  wheels  in  running 
should  always  remain  in  the  proportion  originally  determined  upon 
by  the  length  of  the  arms  of  the  lever :  but  nothing  was  gained  as 
regarded  the  actual  distribution  of  the  load  on  the  several  wheels, 
which  could  not  be  accomplished  as  well  by  a  proper  adjustment  of 
independent  springs.  He  enquired  to  what  extent  the  friction  of 
the  connecting  lever  was  found  to  affect  the  correct  distribution  of 
the  load  upon  the  springs  between  which  it  was  placed. 

Mr.  Robinson  replied  that  where  the  connecting  lever  was 
constructed  to  turn  upon  a  round  centre  pin  fitting  into  a  hole  in 
the  lever,  the  friction  was  so  great  from  the  very  heavy  pressure 
upon  the  small  sur&ce  of  the  pin  that  the  results  obtained  in  the 
model  could  not  be  realised  by  actually  weighing  the  engines,  and 
consequently  the  intended  distribution  of  the  weight  by  the  lever 
was  not  really  maintained  in  practice.  In  some  of  the  Grreat 
Western  engines  fitted  with  connecting  levers  this  friction  had  been 
reduced  by  using  knife-edge  bearings  for  the  levers,  instead  of  the 
round  centre  pins ;  but  still  the  friction  of  the  axleboxes  between 
the  guards  was  found  to  interfere  very  much  with  the  intended 
resxdts  being  obtained. 

Mr.  C.  W.  Siemens  remarked  that  the  friction  would  no  doubt 

have  the  effect  of  preventing  the  due  action  of  the  connecting 

^er  while  the  engine  was  at  rest ;  but  he  thought  that  in  running 
thro . 
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the  shaking  produced  would  impart  to  the  lever  a  concnssiye  motioa 
fevouring  its  speedy  adjustment  to  the  varying  conditions  of  load 
which  it  was  intended  to  equalise. 

Mr,  F.  W.  Webb  observed  that  the  results  obtained  by  the  model 
were  corroborated  in  practice,  as  regarded  the  increase  of  weight 
thrown  upon  the  leading  wheels  where  a  connecting  lever  was 
placed  between  the  middle  and  trailing  wheels :  he  had  known 
several  cases  of  such  engines  where  the  connecting  levers  had  been 
taken  off,  and  it  had  been  found  that  1|  tons  had  been  removed 
&om  the  leading  wheels  by  the  change,  and  added  upon  the  driving 
wheels.  He  might  mention  that  some  four-wheeled  inside-cylinder 
tank  engines  had  been  constructed  by  Mr.  Eamsbottom  for  shunting 
at  various  stations  on  the  London  and  North  Western  Eailway, 
having  the  firebox  entirely  inside  the  cylindrical  barrel  of  the  boiler, 
so  that  the  hind  axle  could  be  carried  back  far  enough  to  give<  an 
exactly  equal  distribution  of  weight  on  the  front  and  hind  wheels^ 
The  firebox  was  cylindrical  and  made  of  Bessemer  steel,  and  the 
tabes  were  also  steel ;  and  the  steam  was  as  dry  as  from  an  ordinary 
boiler  with  low  firebox.  These  engines  had  been  at  work  some 
time,  but  for  shunting  purposes  only,  not  being  able  to  make 
steam  &at  enough  for  running. 

Mr.  CoLBUBN  said  that  connecting  levers  were  used  in  aU 
American  locomotives,  not  so  much  in  reference  to  the  distribution 
of  the  weight  as  to  promote  the  ease  and  steadiness  of  the  engines 
in  running  over  rough  lines :  and  there  was  no  doubt  that  whether 
on  rough  or  smooth  lines  the  engines  worked  better  with  them. 
The  American  engines  always  had  a  bogie  in  front,  according  to 
the  diagram  exhibited,  and  engines  of  that  construction  had  been 
brought  over  for  working  the  Birmingham  and  Gloucester  line 
many  years  ago.  In  some  early  American  engines  the  driving 
wheels  were  placed  behind  the  firebox ;  and  afterwards,  as  the 
engines  grew  heavier,  a  second  pair  of  driving  wheels  was  added  in 
firont  of  the  firebox,  with  an  independent  sprii^  for  each  wheel. 
Several  engines  were  built  on  this  construction,  but  they  did  not 
seem  to  answer ;  and  some  of  these  were  altered  by  Mr.  Harrison, 
the  inventor  of  the  cast  iron  boiler  that  had  been  described,  by 
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putting  in  a  connecting  lever,  wMcli  was  placed  above  tlie  wheels, 
the  ends  bearing  upon  the  axleboxes,  with  an  inverted  spring 
between  the  wheels,  attached  by  links  to  the  lever :  he  bnilt  a  large 
nnmber  of  locomotives  on  that  plan  in  St.  Petersburg  for  the  St. 
Petersburg  and  Moscow  Railway. 

There  was  a  large  amount  of  weight  below  the  springs  in, 
American  locomotives,  as  they  were  made  with  cast  iron  driving 
wheels,  which  were  very  heavy,  and  the  tyres  were  found  to  stretch 
in  consequence  unless  they  were  put  on  very  thick.  In  an  engine 
of  28  tons  weight  there  was  about  6  tons  below  the  springs,  in  the 
four  driving  wheels  with  their  axles  and  axleboxes ;  and  with  ihe 
addition  of  the  bogie  there  was  thus  about  one  third  of  the  whole 
weight  of  the  engine  that  was  not  relieved  by  springs  at  all.  The 
wheels  were  now  made  with  wood  blocks  under  the  tyres,  cut  cross 
grain  of  the  wood,  as  a  bed  for  the  tyres  upon  the  wheels,  in  order 
to  reduce  the  injurious  effect  of  their  great  weight  and  rigidity  in 
passing  over  any  inequalities  in  the  road.  The  wheel  base  of  the 
bogie  was  generally  about  the  same  as  the  gauge  of  the  line,  from, 
5  ft.  3  ins.  to  5  ft.  6  ins. ;  and  the  wheels  themselves  were  usually 
2  ft.  9  ins.  diameter,  the  same  as  those  on  the  bogies  of  the 
carriages ;  sometimes  they  were  as  small  as  2  ft.  2  ins.  diameter. 
The  usual  distribution  of  the  weight  was  about  3-6ths  on  the 
driving  wheels,  and  2-6ths  on  the  bogie,  or  sometimes  2-3rds  on  the 
driving  wheels,  and  l-3rd  on  the  bogie :  the  position  of  the  pivot 
of  the  bogie,  being  so  fitr  forward,  allowed  of  keeping  the  driving 
wheels  ftirther  back,  whereby  a  shorter  coupling  rod  and  longer 
connecting  rod  could  be  used. 

The  practical  effect  of  the  conne<5ting  levers  in  running  was  to 
ease  the  motion  of  the  engine,  which  was  much  needed  on  the  bad 
roads  of  the  American  railways.  He  had  himself  experienced  their 
beneficial  action  in  travelling  on  the  engine  fix)m  Augusta  to 
Atlanta,  171  miles,  over  a  very  rough  road,  and  all  the  time  of 
running  the  connecting  levers  were  in  a  complete  dance  with 
continued  oscillations,  but  the  engine  ran  very  smoothly  and 
steadily.  The  engines  had  to  be  hung  with  greater  provision  for 
elasticity  for  running  over  those  rough  roads,  and  skeleton  springs 
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with  open  plates  were  generally  used,  the  spring  hangers  being 
also  supported  on  india-rubber  washers.  In  some  instances  the 
connecting  lever  itself  was  a  spring,  which  made  the  footplate  of 
the  engine  -very  easy  in  running. 

Mr.  W.  M.  Neilson  considered  the  connecting  levers  were 
without  doubt  a  valuable  adjunct  to  an  engine  for  running  on  bad 
roads ;  but  aa  &r  as  the  distribution  of  the  weight  was  concerned 
they  certainly  had  no  advantage  over  independent  springs,  and  in 
the  case  that  had  been  pointed  out  in  the  paper  they  had  the 
disadyantage  of  throwing  an  increased  load  upon  the  leading  wheels 
while  diminishing  at  the  same  time  the  driving  adhesion.  He  could 
folly  confirm  what  had  been  stated  as  to  the  effects  of  the  connecting 
lever  in  the  American  engines,  having  travelled  over  many  of  the 
American  railways  on  the  ordinary  four-wheel-coupled  bogie-engines 
fitted  with  the  levers,  and  at  a  good  speed  of  running  there  was  not 
any  objectionable  unsteadiness  in  the  engine,  notwithstanding  the 
rough  state  of  the  roads :  but  he  shoxdd  not  have  thought  it  safe  to 
run  at  the  same  speed  with  an  ordinary  English  locomotive  over  the 
same  description  of  road.  Even  on  the  English  lines  he  thought 
the  connecting  levers  would  give  an  advantage  in  smoothness  of 
running,  as  the  road  could  not  be  maintained  always  in  the  very 
best  condition,  and  was  by  no  means  perfect  at  its  best.  The 
action  of  the  levers  was  beneficial  both  to  the  permanent  way  and 
to  the  engine  itself,  by  reducing  the  effect  of  shocks  arising  from 
inequalities  of  the  road ;  and  in  the  same  manner  they  conduced  to 
the  safety  of  the  engine  in  running,  rendering  it  less  easy  for  the 
wheels  to  leave  the  rails.  With  independent  springs  the  effect  of 
running  over  an  obstacle  or  elevation  in  the  rails  was  to  lift  the 
engine  in  proportion  to  the  rigidity  of  the  springs ;  but  if  the  same 
springs  were  connected  by  a  lever,  each  would  be  deflected  only  half 
the  amount,  and  the  engine  would  be  lifted  only  half  as  much  as 
before. 

Mr.  Robinson  observed  that  the  effect  of  the  connecting  lever 
when  the  engine  ran  over  an  obstacle  was  to  cause  the  two 
connected  springs  to  be  both  deflected  simxdtaneously,  so  that  the 
engine  would  be  lifted  a  smaller  amount  by  the  shock  than  if  on^ 
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spring  only  had  been  acting  at  a  time.  The  lever  had  thus  the 
effect  of  virtually  doubling  the  length  of  each  spring ;  and  althongli 
the  same  result  of  a  small  lift  might  be  obtained  mthont  the  lever 
if  springs  of  double  the  length  were  used,  yet  the  length  of  spring 
was  practically  limited  in  an  engine  by  the  confined  space,  so  that 
the  springs  were  often  not  more  than  2  ft.  6  ins.  long,  and  in  such 
cases  the  connecting  lever  had  the  ^vantage  of  practically 
lengthening  the  short  springs. 

Mr.  E.  Eeynolds  did  not  think  that  any  lengthening  of  the 
springs  would  give  the  same  ease  of  motion  that  was  obtained  by  a 
connecting  lever.  In  the  Bloomer  engines  of  the  London  and  North 
Western  Eailway  having  connecting  levers  between  the  leading 
and  middle  springs,  the  leading  wheels  were  heavily  loaded  with 
about  llf  tons  upon  them ;  and  the  extreme  amount  of  inequality 
likely  to  be  met  with  in  the  rails  on  English  lines  might  be  taken  at 
I  inch,  which  corresponded  to  an  additional  load  or  compression  of 
4  or  6  tons  upon  the  springs,  as  they  were  very  short  and  rigid. 
Hence  a  rise  of  ^  inch  in  the  rails  would  cause  4  or  5  tons  greater 
pressure  upon  the  rails  for  the  moment  at  that  point ;  but  by  the 
connecting  levers  the  leading  and  middle  springs  would  share  the 
additional  weight  between  them  imder  aU  circumstances,  and  so 
reheve  both  the  rails  and  the  engine  from  a  great  part  of  the  shock 
that  would  otherwise  be  felt,  the  engine  being  Hfted  only  by  the 
amount  of  rise  at  the  centre  of  the  lever. 

Mr.  CoLBUEN  remarked  that  connecting  levers  were  used  upon 
all  the  bogies  in  America  both  for  engines  and  carriages ;  and  the 
bogie  itself  having  also  the  effect  of  reducing  any  disturbance  by 
one  hal^  the  result  of  an  inequality  of  |  inch  in  the  rails  would  be 
to  lift  the  centre  of  gravity  of  the  engine  or  carriage  only  l-8th  inch. 
In  the  long  carriages  the  distance  from  centre  to  centre  of  the 
bogies  was  32  feet,  and  the  carriages  were  also  much  lower  than  on 
English  railways ;  the  result  was  that  they  ran  with  greater 
steadiness,  though  the  speed  was  certainly  not  so  great  as  in  the 
fast  trains  in  this  country. 

The  Chaibman  remarked  that  upon  the  American  railways, 
which  were  comparatively  speaking  imperfectly  constructed  and 
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laid  down  more  irith  the  object  of  cOTering  a  great  extent  of 
eoTuitry  tlian  with  a  yiew  to  permanent  durability  of  the  works, 
tHe  necessity  for  the  use  of  comiecting  leyers  mnst  have  been  muck 
moire  strongly  felt  than  in  England ;  and  hence  the  general  adoption 
of  iihe  bogie,  which  was  itself  a  connecting  lever,  both  for  engines 
and  carriages.  He  had  many  engines  miming  with  connecting 
leT^ers  on  the  London  and  North  Western  Bailway,  but  had  not 
found  that  they  ran  more  steadily  on  that  line  apparently  than 
eii^nes  without  the  levers ;  though  there  could  be  no  question  that 
tlie  introduction  of  the  levers  would  reduce  the  disturbance  of  the 
engine  to  a  certain  extent  where  the  rOad  was  not  in  first-rate 
condition.  Any  such  arrangement  was  however  in  his  opinion  as 
much  worse  for  the  road  as  it  was  better  for  the  engine. 

He  proposed  a  vote  of  thanli:s  to  Mr.  Bobinson  for  his  paper, 
^wliich  was  passed. 


The  Meeting  then  terminated. 


PROCEEDINGS. 


2  AND  3  August,  1864. 


The  Annual  Provincial  Meeting  of  the  Members  was  held  in 
the  Institution  Rooms,  St.  Greorge's  Place,  Glasgow,  on  Tuesday, 
2nd  August,  1864 ;  Robert  Napier,  Esq.,  President,  in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and 
confirmed. 

The  President  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  duly  elected  : — 


members. 

James  George  Beckton,    . 

James  Campbell,    . 

Thomas  Edward  Dunn, 

Antonin  Etiennb,  . 

WiLLUM  Edward  Eyeritt, 

Thomas  Fleet, 

John  Frankish, 

WiLLLiM  Isaac  Hetherington, 

Sampson  Zachart  Lloyd,   . 

WiLLUM  Martlet, 

Robert  Ramage, 

Duncan  Shaw, 

Thomas  SprrxLE, 

James  Swindell  Evers  Swindell, 

Thomas  Thomas, 


Whitby. 

Matlock. 

Allahabad,  India. 

Seville,  Spain. 

Birmingham. 

Westbrom  wich . 

Manchester. 

Manchester. 

Wednesbury. 

London. 

Dublin. 

Cordova,  Spain. 

Newport,  Mon. 

Brierley  Hill. 

Pontypool. 
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HONORARY  MEMBERS. 

Charles  T.  Parsons,  .        .    Birmingliam. 

Abel  Peyton,         .        .        .        Birmingliam. 


The  following  paper,  by  Mr.  James  M.  Gale  of  Griasgow, 
Resident  Engineer  of  the  Water  Works,  communicated  through 
Mr.  Walter  M.  Neilson  of  Glasgow,  was  then  read : — 
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ON  THE  MECHAOTCAL  APPLIANCES 

OF   THE  LOCH  KATRINE  WATER  WORKS 

FOR  THE  SUPPLY  OF  GLASGOW. 


By  Me.  JAMES  M.  GALE,  of  Glasgow. 


Previous  to  1860  that  part  of  Glasgow  lying  on  the  north  bank 
of  the  river  Clyde,  or  about  three  fourths  of  the  whole  city,  was 
supplied  with  water  drawn  from  the  river  at  two  pumping  stations 
2|  and  3|  miles  above  Glasgow  Bridge  respectively.  The  remaining 
part  of  the  city,  that  on  the  south  side  of  the  river,  was  supplied,, 
and  in  greater  part  is  still  supplied,  by  the  Gorbals  gravitation 
works,  established  in  1847  on  a  small  stream  about  7  miles  south  of 
the  city.  The  impure  quality  of  the  water  drawn  from  the  river 
had  induced  the  corporation  of  Glasgow  to  purchase  the  whole  of 
the  works  from  the  two  existing  water  companies,  and  to  promote 
a  scheme  for  suppl3ring  the  city  from  Loch  E^atrine,  the  well  known 
Loch  in  the  Perthshire  Highlands.  The  works  were  commenced  in 
1856,  were  opened  by  Her  Majesty  on  the  14th  October  1859,  and 
were  completed  and  the  water  introduced  to  the  greater  part  of 
Glasgow  early  in  1860.  The  whole  works  were  executed  from  the 
designs  and  under  the  superintendence  of  Mr.  J.  F.  Bateman. 

Fig.  1,  Plate  30,  is  a  general  plan  showing  the  drainage  area  of 
Loch  Katrine  and  the  adjacent  Loch  Vennachar,  together  with  the 
two  smaller  Lochs,  Achray  and  Drunkie,  and  the  inlet  at  A  from 
Loch  Katrine  to  the  line  of  aqueduct. 

Fig.  2,  Plate  31,  is  a  general  plan  showing  the  entire  line  of 
aqueduct  for  conveying  the  water  from  Loch  E^atrine  to  Glasgow. 

Fig.  3,  Plate  32,  is  a  longitudinal  section  along  the  entire  course 
of  the  works  from  Loch  Katrine  to  Glasgow,  showing  the  situation 
of  the  principal  tunnels,  aqueduct  bridges,  and  syphon  pipes 
throughout  the  course  of  the  aqueduct. 
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The  drainage  area  to  the  Loch  Katrine  Water  Works  amounts 
to  45,800  acres,  or  about  72  square  miles,  as  shown  in  the  plwi. 
Fig.  1,  Plate  30 ;  and  includes  Loch  Katrine,  Loch  Achray,  Loch 
Vennachar,  and  Loch  Drunkie.  Loch  Achray  has  not  been 
appropriated  for  the  use  of  the  water  works,  but  works  have  been 
constructed  at  the  outlets  of  the  three  other  lochs  whereby  a  large 
amount  of  storage  has  been  obtained  at  comparatively  little  cost. 
A  masonry  dam  with  four  sluices  and  a  waste  weir  100  feet  long 
have  been  erected  at  the  outlet  of  Loch  Katrine  at  the  point  marked 
B  in  the  plan,  Fig.  1.  The  level  of  the  water  is  thus  raised  4  feet 
ftbove  its  former  summer  level,  and  the  sluices  also  admit  of  the 
water  being  drawn  down  3  feet  below  the  former  summer  level ;  thus 
giving  a  control  over  the  contents  of  the  loch  to  the  extent  of  7  feet 
in  depth,  and  a  storage  capacity  amounting  to  910  million  cubic  fe^. 
The  portions  shown  black  around  the  margin  of  the  loch  in  Fig.  1 
indicate  the  additional  area  of  water  obtained  by  the  raising  of  the 
loch,  as  also  in  the  ease  of  Loch  Vennachar  and  Loch  Drunkie.  The 
drainage  area  to  Loch  Katrine  alone  is  22,800  acres,  and  the  area  of 
the  loch  itself  at  its  summer  level  3000  acres,  or  about  one  seventh 
of  the  whole  drainage  area.  The  district  is  very  rugged  and 
mountainous,  as  seen  from  the  plan,  Fig.  1,  and  the  longitudinal 
section.  Fig.  3 ;  and  in  some  places,  especially  near  the  pass  of  the 
Trosachs,  very  picturesque.  The  level  of  the  water  in  Loch  Katrine 
is  362  feet  above  the  level  of  the  sea ;  and  the  lip  of  the  basin  which 
surrounds  it,  except  near  the  point  A,  Fig.  1,  where  the  water  is 
drawn  off  into  the  aqueduct,  has  a  minimum  elevation  of  1000  feet 
above  the  sea,  and  at  one  place,  Ben  Venue,  rises  to  2388  feet.  The 
rocks  of  the  district  are  mica  schist,  one  of  the  primary  deposits, 
and  are  precipitous,  very  hard,  nearly  insoluble,  and  yielding  water 
of  great  purity.  The  water  drawn  from  the  loch  contains  only 
about  2^  grains  of  soluble  matter  per  gallon  and  has  a  hardness 
of  0*8°  on  Dr.  Clark's  scale ;  in  which  a  hardness  of  1°  is  that  due 
to  one  grain  of  chalk  dissolved  in  one  gallon  of  distilled  water,  the 
hardness  being  the  property  of  destroying  soap.  The  district 
contains  very  little  land  that  can  be  cxdtivated,  and  the  covering  of 
soil  or  peat  on  the  top  of  the  rock  is  not  deep  enough  to  affect  the 
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ooloxtr  of  the  water  in  the  loch,  even  during  high  floods.  Also  there 
need  be  no  apprehension  of  the  quality  of  the  water  ever  becoming 
injured  by  agricxdtural  operations,  or  by  drainage  fix)m  populous 
districts :  at  present  there  are  only  ten  houses  on  the  36  square  miles 
of  country  which  drains  into  the  loch.  The  fall  of  rain  in  the  district 
is  very  great :  in  the  valley  of  the  Buchray  on  the  eastern  side  of 
Ben  Lomond,  Fig.  1,  and  in  Glen  Gyle  at  the  head  of  Loch  Katrine, 
there  is  in  some  years  a  fall,  of  100  inches ;  while  in  the  more  open 
country  lower  down  the  valley  the  fall  is  about  six  tenths  of  that 
higher  up.  The  table  appended  shows  the  amount  of  rain&Il  at 
several  points,  since  rain  gauges  were  established  in  the  district. 

The  works  at  the  lochs  have  been  arranged  on  a  scale 
Buf&cient  to  ensure  a  supply  to  Glasgow  during  the  driest  season 
of  50  million  gallons  a  day,  and  to  provide  compensation  water  to 
the  river  Teith  in  addition.  The  supply  for  the  city  is  drawn 
exclusively  from  Loch  Katrine,  and  the  compensation  water 
principally  from  Loch  Vennachar  and  Loch  Drunkie.  The 
compensation  water  was  fixed  by  agreement  with  the  proprietors 
and  others  having  an  interest  in  the  rivers  Teith  and  Forth  at 
40,500,000  gallons  per  day,  or  an  average  of  4500  cubic  feet  per 
mimite,  to  be  given  out  from  Loch  Vennachar  at  the  rate  of  6000 
cubic  feet  per  minute  from  1  o'clock  a.m.  to  1  o'clock  p.m.,  and 
3000  cubic  feet  per  minute  from  1  p.m.  to  1  a.m.  of  each  day  in  the 
year. 

This  additional  quantity  of  water  has  been  obtained  by 
constructing  a  masonry  dam  at  the  outlet  of  Loch  Vennachar, 
at  the  point  C  in  the  plan.  Fig.  1,  Plate  30,  with  a  waste  weir 
150  feet  long.  This  is  shown  in  Figs.  4  to  6,  Plates  33  and  34. 
The  dam  is  110  feet  long,  Fig.  4,  Plate  33,  and  is  famished  with 
eleven  cast  iron  sluices  to  regulate  the  flow  of  the  water,  the  top  of 
the  dam  being  carried  up  and  roofed  in  to  form  a  protection  for  the 
working  gearing  of  the  sluices.  The  loch  has  been  raised  by  the 
dam  5  feet  9  inches  above  its  former  summer  level,  and  it  can  be 
drawn  down  by  the  sluices  6  feet  below  the  summer  level.  A  new 
channel  was  cut  for  the  river,  as  shown  at  C  in  the  plan,  Fig.  1, 
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700  yards  long  and  50  feet  wide,  in  order  to  allow  of  the  water  in 
the  loch  being  drawn  down  to  this  farther  depth.  The  compensation, 
gange  weir,  placed  at  the  lower  end  of  the  new  river  channel, 
consists  of  a  continuous  cast  iron  plate  100  feet  long,  brought  to  a 
thin  edge  at  top,  over  which  the  water  flows  with  a  depth  of  3  j  to 
6j  inches  when  the  statutory  quantity  only  is  being  discharged- 
The  area  of  Loch  Vennachar  at  its  former  summer  level  was  865 
acres,  and  at  the  level  to  which  it  has  been  raised  it  is  about  1000 
acres,  as  shown  by  the  black  portions  round  the  margin  of  the  loch 
in  the  plan,  Fig.  1.  The  storage  capacity  included  in  the  range  of 
level  of  11  feet  9  inches  depth  afforded  by  the  works  is  425  million 
cubic  feet. 

The  works  at  Loch  Drunkie,  Fig.  1,  Plate  30,  consist  of  two 
earthen  embankments  with  puddle  in  the  centre  of  each,  protected  by 
stone  facing  on  the  inner  slopes  in  the  usual  manner.  The  northern 
embankment  is  150  yards  long,  and  the  other,  which  is  at  the 
original  outlet  of  the  loch,  is  40  yards  long.  The  level  of  the  lock 
has  been  raised  25  feet,  and  the  area  increased  from  78  to  137  acres, 
as  shown  by  the  black  portions  surrounding  the  loch  in  Fig.  1,  thus 
affording  storage  to  the  extent  of  120  million  cubic  feet.  The  water 
is  discharged  from  the  loch  by  a  cast  iron  pipe,  24  inches  diameter, 
laid  through  the  deepest  embankment. 

The  total  amount  of  storage  provided  by  the  works  at  the  three 
lochs  is  therefore  1455  million  cubic  feet,  equal  to  a  supply  for 
100  days  of  50  million  gallons  per  day  for  the  city  and  40^  million 
gallons  per  day  for  compensation  water  to  the  river  Teith,  without 
taking  into  account  the  natural  flow  of  the  streams  running  into  the 
lochs.  At  the  present  rate  of  consumption  of  water  in  the  city,  this 
storage  is  equal  to  152  days'  supply,  including  the  compensation 
water. 

As  the  Teith  is  a  good  salmon  river,  it  was  necessary  to  provide 
for  the  passage  of  the  fish  at  the  masonry  dams  at  the  outlets  of 
Loch  Vennachar  and  Loch  Katrine.  This  has  been  done  at  Loch 
Vennachar  by  forming  four  salmon  stairs  at  different  levels  to  suit 
the  varying  level  of  the  loch,  of  a  width  of  6  feet  between  the  side 
walls.      These  are   shown  at  D  D  in  Fig.  4,  Plate   33 ;   and   a 
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longitudinal  SQction  of  the  highest  one  is  shown  in  Fig.  5,  Plate  34. 
The  stairs  have  a  general  inclination  of  1  in  12,  and  terminate  at 
the  upper  end  next  the  loch  with  cast  iron  sluices,  which  open  by 
being  moved  downwards^  thus  allowing  the  water  to  fall  over  as  over 
a  weir.  The  detail  of  one  of  these  salmon  sluices  is  shown  in 
Figs.  7  to  9,  Plate  36.  The  sloping  channels  are  formed  into  a 
succession  of  deep  pools  by  .planks  upon  edge  placed  across  the 
channel,  as  shown  at  E  E  in  Fig.  5,  Plate  34,  over  which  the  water 
faUs  a  depth  of  from  15  to  20  inches  to  the  lower  level.  At  Loch 
Katrine  there  are  only  two  of  these  salmon  stairs,  but  otherwise  the 
arrangements  are  similar. 

The  point  of  inlet  A,  Fig.  1,  Plate  30,  where  the  water  is  drawn 
from  Loch  Katrine  into  the  aqueduct  for  the  supply  of  the  city, 
is  about  5  miles  from  the  bottom  of  the  loch  and  2|  miles  from 
the  top.  The  water  is  first  admitted  from  the  loch  into  a  basin 
55  feet  long  by  40  feet  wide  inside,  through  three  cast  iron  sluices, 
each  4  feet  square.  Across  the  middle  of  the  basin  is  fixed  a  line  of 
strainers,  to  keep  fish  &c.  from  passing  from  the  loch  into  the 
aqueduct.  The  outlet  sluices  at  B  and  C,  Fig.  1,  for  discharging 
the  water  from  the  outlets  of  Loch  Katrine  and  Loch  Vennachar, 
as  well  as  the  inlet  sluices  from  Loch  Katrine  to  the  aqueduct,  are 
of  similar  construction.  One  of  the  inlet  sluices  is  shown  in  Figs. 
10  to  12,  Plates  36  and  37.  The  cast  iron  sluice  plate  F  is  faced 
with  brass,  and  works  against  brass  faces  on  the  cast  iron  frame  G, 
which  is  securely  let  into  the  masonry  and  is  famished  with 
guides  to  keep  the  sluice  F  in  its  place.  The  sluice  is  raised  and 
lowered  by  means  of  the  iron  screw  H  working  in  a  brass  nut,  the 
screw  being  turned  by  a  crank  and  bevil  wheels  at  top. 

The  length  of  the  aqueduct  from  Loch  Katrine  to  the  service 
reservoir  at  Mugdock  near  Milngavie,  as  shown  on  the  general  plan. 
Fig.  2,  Plate  31,  is  25f  miles,  and  from  this  reservoir  to  Glasgow  is 
about  8  miles  more ;  making  a  total  length  from  Loch  Katrine  to 
Glasgow  of  about  34  miles.  The  built  and  tunnelled  part  of  the 
aqueduct  is  22  miles  long ;  it  is  8  feet  high  by  8  feet  broad,  as  shown 
in  the  sections,   Figs.  13  to  15,   Plate  37,  and  has  a  uniform 
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inclination  towards  Glasgow  of  10  inches  per  mile  or  1  in  6836,  as 
shown  in  the  longitudinal  section,  Fig.  3,  Plate  32  ;  and  it  is  all 
capable  of  passing  50  million  gallons  per  day.  The  valleys  of  the 
Duchray,  the  Endrick,  and  the  Blane,  Fig.  3,  which  are  crossed  by 
the  line  of  aqueduct  and  prevent  a  uniform  inclination  being 
obtained  throughout,  make  up  an  aggregate  length  of  3f  miles,  and 
are  passed  by  cast  iron  syphon  pipes  48  inches  diameter  with  a 
mean  jGeiII  of  1  in  1000  between  their  extremities.  These  pipes 
deliver  a  Httle  over  20  million  gallons  per  day ;  and  at  all  the 
bridges  and  other  places  where  masonry  was  required,  provisicMi 
has  been  made  for  laying  two  additional  lines  of  pipes  when  the 
increased  consumption  of  water  in  the  city  may  require  this  to  be 
done. 

The  first  work  on  the  line  of  aqueduct  upon  leaving  Loch  Katrine 
is  a  tunnel  through  the  ridge  which  separates  the  vaUey  of  Loch 
Katrine  from  that  of  Loch  Ard,  Fig.  3,  Plate  32.  The  point  where 
the  valleys  approach  nearest  to  each  other  was  chosen,  but  even 
there  the  length  of  tunnel  required  is  upwards  of  IJ  mile,  and 
it  is  at  a  depth  of  more  than  500  feet  below  the  top  of  the  hill. 
Twelve  shafts  were  sunk  on  the  line  of  tunnel  to  facilitate  the  work, 
five  of  them  being  about  450  feet  deep.  The  rock  passed  through 
in  this  tunnel,  and  in  the  greater  part  of  the  first  10  miles  of  the 
aqueduct,  which  is  principally  a  series  of  tunnels,  is  mica  slate  of  the 
hardest  description.  Along  the  margin  of  Loch  Chon  the  work  at 
some  of  the  faces  did  not  progress  at  a  greater  rate  than  3  lineal 
yards  in  a  month,  although  it  was  carried  on  night  and  day.  The 
cost  of  the  gunpowder  alone  used  in  the  contract,  which  extended 
7^  miles  from  the  loch,  was  £10,540 ;  and  the  average  cost  of  the 
aqueduct  for  the  same  length  was  more  than  £13  per  yard  or 
£23,000  per  mile.  Figs.  13,  14,  und  15,  Plate  37,  show  sections  of 
the  aqueduct  at  different  parts. 

The  three  main  valleys  on  the  line  of  aqueduct  are  passed  by  cast 
iron  syphon  pipes,  as  already  mentioned ;  but  the  minor  ravines  in 
the  first  10  miles  of  the  aqueduct  are  crossed  by  aqueduct  bridges  of 
iron.      Besides  a  number  of  smaller  ones  there  are  five  extensive 
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aqueduct  bridges  of  this  kind,  one  of  whicli,  near  Culegarton,  Plates 
31  and  32,  is  shown  in  Figs.  16, 18,  and  19,  Plates  38  and  39.  It 
consists  of  a  wrought  iron  tube  I,  8  feet  broad  and  6f  feet  high 
inside,  extending  over  the  deeper  part  of  the  ravines,  supported  at 
intervals  of  60  feet  by  stone  piers ;  and  a  cast  iron  trough  J,  also  8  feet 
broad  and  6|  feet  high,  supported  on  a  dry  stone  rubble  embankment 
at  either  end  of  the  wrought  iron  tube  I,  extending  over  the 
remaining  part  of  the  valleys  where  the  ground  is  not  so  much 
depressed.  The  bottom  and  sides  of  the  wrought  iron  tube  I  are 
3-8ths  inch  thick,  and  the  top  7-16ths  inch  thick,  the  whole  being 
strengthened  by  angle  and  T  iron.  The  plates  of  the  cast  iron 
trough  are  5-8ths  inch  thick,  the  dimensions  of  the  largest  being 
4|  feet  by  4  feet,  and  they  are  connected  and  strengthened  by  flanges 
with  rust  joints.  The  level  of  the  wrought  iron  tube  I  is  about 
3  feet  lower  than  that  of  the  cast  iron  troughs  J  J  at  each  end,  so  as 
to  ensure  the  tube  being  always  completely  filled  with  water  up  to 
the  top,  in  order  that  the  top  of  the  tube  may  be  kept  always 
at  the  same  temperature  as  the  sides,  and  the  tube  may  not  be 
racked  by  the  strain  that  would  arise  from  the  top  plates  becoming 
heated  by  the  sun  if  the  water  were  not  in  contact  with  them.  In 
order  to  allow  of  emptying  the  tube  at  any  time,  for  painting  or 
other  purposes,  a  discharge  valve  K,  Figs.  18^  21,  and  22,  is  provided 
at  one  end  of  the  tube,  by  which  the  water  can  be  run  off  into  the 
vaUey  beneath. 

The  junction  between  the  wrought  iron  tube  and  the  cast  iron 
trough  is  shown  in  Figs.  21  and  22,  Plates  40  and  41,  and  in  detail 
enlarged  in  Figs.  23  and  24,  Plate  42.  It  is  made  by  bolting  the 
cast  iron  trough  to  a  cast  iron  bed-plate  L,  Figs.  21  and  23,  and 
to  upright  cast  iron  standards  M  M,  Figs.  22  and  24,  at  each  side. 
The  wrought  iron  tube  rests  upon  a  bolster  of  vulcanised  india- 
rubber  placed  in  a  groove  in  the  bed-plate  L,  Figs.  21  and  23, 
and  projecting  sufficiently  above  the  surface  of  the  plate  to  allow 
for  the  requisite  compression  on  the  india-rubber  for  making  a 
water-tight  joint  by  the  weight  of  the  tube  bearing  on  it,  without 
allowing  the  tube  to  come  down  to  a  bearing  upon  the  bed- 
plate L  itself.     A  similar  india-rubber  bolster  is  carried  up  each 
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Bide  of  the  tube  and  compressed  agaiiifit  it  by  oak  wedges,  tbe 
bolster  and  wedges  being  contained  in  a  recess  in  tbe  upright 
standards  M  M,  as  shown  in  Figs.  22  and  24.  This  arrangeanent 
leaves  the  wrought  iron  tube  free  to  contract  and  expand 
longitudinally  under  change  of  t^nperature,  without  risk  of  leakage. 
The  heads  of  all  the  rivets  are  countersunk  for  a  short  distance  on 
each  side  of  the  bearing  parts  of  the  tube.  The  india-rubber 
bolsters  are  2  inches  diameter  both  at  the  bottom  and  sides  of  the 
tube.  They  are  in  separate  pieces,  the  bolster  under  the  bottom, 
extendri^  from  the  back  of  the  wedge  box  M  on  one  side  to  the 
back  of  the  wedge  box  on  the  opposite  side.  The  joints  of  the 
bolsters  at  the  bottom  comers  are  made  by  butting  the  bottom  ends 
of  the  vertical  bolsters  upon  the  top  of  the  transverse  bottom 
bolster,  the  bottom  *  ends  of  the  vertical  bolsters  being  slightly 
rounded  out  to  fit  the  curvature  of  the  bottom  bolster.  The  side 
wedges  are  driven  down  tight  on  the  ends  of  the  bottom  bolster. 
There  are  three  oak  wedges  in  each  wedge  box  M,  1%.  24,  Plate 
42,  with  an  oak  feather  or  tongue  let  in  to  break  the  joints  between 
the  wedges  and  to  guide  the  centre  wedge  while  being  drivai  down. 
A  fiat  strip  of  india-rubber  is  placed  between  the  back  of  the 
wedge  box  and  the  outermost  wedge,  as  shown  in  Pig.  24.  The 
wedges  were  carefully  fitted  before  the  feather  grooves  were  made, 
and  were  put  in  with  thick  wet  paint  in  the  joints ;  the*  centre 
wedge  was  then  driven  down  to  tighten  up  the  india-rubber  bolster 
against  the  side  of  the  tube.  The  spaces  on  either  side  of  the 
wedges  in  the  standards  M  are  filled  in  with  oakum  and  white  lead. 
The  above  construction  of  the  iron  aqueduct  bridges  was 
considered  the  most  applicable  in  the  first  portion  of  the  aqueduct,  as 
no  good  building  stone  was  to  be  obtained  within  any  reasonable 
distance,  and  the  roads  were  very  badly  suited  for  the  carriage  of 
materials.  From  the  eleventh  mile  to  the  reservoir  at  Mugdock, 
however,  good  building  stone  was  abundant ;  and  all  the  aqueduct 
bridges  in  that  district  are  therefore  of  stone.  One  of  these,  the 
Blakgar  aqueduct  bridge,  is  shown  in  Figs.  27  and  28,  Plate  48,  in 
elevation,  longitudinal  section,  and  plan;  and  Figs.  29  and  80, 
Plate  44,  are  transverse  sections.     There  are  in  all  25  important 
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iron  and  stone  bridges,  scnne  of  them  of  considerable  magnitnde ; 
and  about  80  distinct  tnnnels  varying  in  length  from  1^  mile 
doiniwards,  and  forming  a  total  length  of  13  miles.  Where  the 
aqueduct  was  formed  in  open  cutting,  the  ground  was  filled  in  and 
the  sur&ce  restored  afber  the  aqueduct  was  built,  as  shown  in  Fig. 
15,  Plate  37.  At  the  cast  iron  troughs  of  the  iron  aqueduct  bridges, 
and  at  the  other  bridges,  the  water  w;ay  is  covered  with  planking,  as 
shown  in  the  sections  of  the  Blairgar  aqueduct  bridge.  Plates  43 
and  44,  to  prevent  snow  from  choking  the  aqueduct.  Grooves  to 
receive  stop  planks  are  cut  in  the  masonry  of  the  aqueduct  at 
intervals,  and  most  of  the  bridges  are  provided  with  overflows 
and  discharge  sluices.  The  latter  are  similar  in  construction  to  the 
outlet  sluices  at  the  lochs,  but  of  smaller  dimensions. 

The  three  valleys  of  the  Duchray,  the  Endrick,  and  the  Blane, 
Fig.  3,  Plate  32,  which  are  of  great  width  and  depth,  the  second 
being  more  than  2  miles  wide,  are  passed  by  means  of  the  48  inch 
cast  iron  syphon  pipes,  carried  down  one  side  of  the  valley  to  the 
bottom,  and  up  the  opposite  side.  These  pipes  have  the  ordinary 
spigot  and  socket  joints,  a  section  of  which  is  shown  in  Fig.  25, 
Plate  42,  one  quarter  full  size,  the  joint  being  made  with  lead  N  and 
yam  O.  Some  depressions  on  the  line  of  these  syphon  pipes  are 
crossed  by  flanged  pipes  supported  upon  stone  piers  18  feet  apart, 
as  shown  in  Fig.  17,  Plate  38,  the  joint  being  made  by  a  ring  of 
vulcanised  india-rubber  P,  as  shown  by  the  section.  Fig.  26,  Plate  42, 
one  quarter  full  size.  In  the  Endrick  valley  two  public  roads  and  the 
Forth  and  Clyde  Railway  are  crossed  by  these  flanged  pipes ;  and 
to  support  the  pipes  over  these  greater  spans,  cast  iron  brackets  are 
put  in.  Fig.  17,  Plate  38,  abutting  on  the  stone  piers,  which  are 
thickened  to  receive  them.  The  pipes  are  ftirther  strengthened  at 
these  places  by  projecting  webs  cast  on  them,  as  shown  by  the 
enlarged  transverse  section  of  the  pipe,  Fig.  20,  Plate  39.  It  was 
found  that  the  contraction  and  expansion  of  these  long  lengths  of 
flange-jointed  pipes  under  changes  of  temperature  injuriously  affected 
the  spigot  and  socket  lead  joints  at  each  end ;  and  to  obviate  this,  a 
felt  covering  about  f  inch  thick  has  been  laid  on  all  round  the  pipes, 
and  protected  from  the  weather  by  a  tarpaulin  cover  laced  tightly 
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over  the  whole.    This  has  had  the  effect  of  ahnost  entirely  obviatixig 
the  inconvenience  that  arose  from  contraction  and  expansion. 

The  service  reservoir  at  Mugdock,  Plates  31  and  32,  has  a  water 
surface  of  60  acres,  and  is  50  feet  deep,  the  top  water  level  being 
312  feet  above  the  level  of  the  sea.  It  contains  548,000,000  gallons 
when  ftdl,  eqnal  to  a  snpply  for  29  days  at  the  present  rate  of 
consumption ;  and  thus  admits  of  repairs  being  made  upon  the 
line  of  aqueduct  without  interrupting  the  supply  to  the  city. 
The  reservoir  is  ^entirely  artificial,  being  formed  by  two  earthen 
embankments  400  yards  and  240  yards  long  respectively.  The 
water  is  first  received  from  the  aqueduct  into  a  basin  at  the  upper 
end  of  the  reservoir,  from  which  it  flows  over  four  cast  iron  gauge 
plates,  10  feet  long  each,  brought  to  a  thin  edge,  into  an  upper  pool 
or  compartment  of  the  reservoir  having  an  area  of  about  2  acres. 
The  depth  of  water  passing  over  the  gauge  plates  is  regularly  gauged, 
the  delivery  from  the  aqueduct  thereby  computed,  and  the  quantity 
of  water  passing  every  day  into  Glasgow  is  thus  known.  From  the 
upper  pool  the  water  passes  into  the  main  reservoir  over  similar  cast 
iron  gauge  plates.  The  water  is  drawn  from  the  reservoir  by  pipes 
laid  in  a  tunnel  cut  through  the  rock  in  the  solid,  at  the  end  of  the 
main  embankment,  no  pipes  being  laid  through  the  embankments 
themselves.  At  the  end  of  the  tunnel  next  the  reservoir  there  is  a 
stand-pipe  with  valves  at  different  heights,  which  admit  of  water 
being  drawn  off  at  various  levels.  The  water  passes  down  the 
stand-pipe  and  along  a  48  inch  pipe  in  the  tunnel  for  a  distance 
of  about  50  yards  to  a  circular  straining  well  cut  in  the  rock. 
Water  can  also  be  drawn  direct  from  the  aqueduct  or  from  the 
upper  compartment  of  the  reservoir  into  the  pipes  leading  t6  the 
city,  without  passing  through  the  reservoir,  by  means  of  a  line 
of  48  inch  pipes  laid  through  the  bottom  of  the  reservoir  from  the 
stand-pipe  back  to  the  upper  end  of  the  reservoir  where  the  aqueduct 
enters. 

The  straiaing  well  is  shown  in  vertical  section  in  Figs.  31 
and  32,  Plates  45  and  46;  and  Fig.  33  is  a  sectional  plan.  The 
well  is  40  feet  diameter  and  63  feet  deep,  cut  out  of  the  solid 
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rock.  Within  the  straining  well  and  forming  an  inner  chamber  of 
octagonal  shape,  25  feet  diameter,  a  series  of  oak  frames  Q  Q  are 
placed,  covered  with  copper  wire  cloth  of  40  meshes-  to  the  inch ; 
these  are  held  in  the  eight  cast  iron  pillars  R,  which  have  grooves 
cftst  in  them  to  receive  the  frames.  These  wire  cloth  strainers 
occupy  only  the  lower  part  of  the  well,  the  space  above  being  filled 
in  with  wood  planking  S  S  up  to  the  top  water  level  of  the  reservoir. 
The  water  passes  from  the  outside  through  the  wire  cloth  strainers 
into  the  inner  chamber,  and  is  taken  off  thence  to  the  city  by  two 
lines  of  cast  iron  pipes  42  inches  diameter,  as  shown  by  the  arrows. 
The  water  undergoes  no  filtration,  but  in  passing  through  these 
copper  wire  strainers  any  straws  or  other  floating  matters  are 
separated  from  it.  The  pipes  in  the  bottom  of  the  straining  well 
Bjre  provided  with  junctions  and  stop  valves,  as  seen  in  the  plan. 
Fig.  33,  so  as .  to  admit  of  the  supply  being  drawn  direct  from 
the  reservoir  while  the  strainers  are  being  cleaned ;  which  is  done 
by  emptying  the  well  and  throwing  a  jet  of  water  upon  the  strainers 
from  the  inside  outwards  by  a  leather  hose  with  the  head  pressure 
of  the  reservoir,  the  foxd  water  being  carried  off  by  a  tunnel  through 
the  rock.  The  frames  Q  Q  carrying  the  strainers  can  also  be  raised 
to  the  top  of  the  well  and  taken  out  for  repairs,  by  being  drawn  up 
through  the  grooves  in  the  cast  iron  pillars  R  in  which  they  are  fitted. 
The  top  of  the  straining  well  is  roofed  in  and  partly  covered  with 
glass,  as  a  protection  to  the  working  gearing  of  the  stop  valves. 
These  valves  are  each  divided  into  two  halves,  affording  together  a 
water  way  of  the  fiill  diameter  of  the  42  inch  pipes.  Each  half 
of  the  valve  is  opened  and  shut  by  an  iron  rod  passing  up  through 
a  cast  iron  pipe,  and  terminating  at  a  convenient  height  above  the 
water  level  in  a  long  brass  nut,  into  which  works  a  stationary  iron 
screw,  turned  by  a  crank  and  bevil  wheels. 

The  two  lines  of  42  inch  pipes  laid  in  the  tunnel  leading  off  from 
the  straining  well  will  deliver  the  whole  60  million  gallons  per  day 
that  the  aqueduct  is  constructed  to  convey ;  but  on  emerging  from 
the  tunnel,  which  is  440  yards  long,  they  are  diminished  to  36  inches 
diameter,  and  provision  is  made  for  additional  pipes  being  laid  when 
they  may  be  required.     At  the  point  where  the  pipes  are  reduced  to 
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36  inches  diameter,  a  self-acting  throttle  valve  is  fixed  on  each  line 
of  pipes,  the  object  of  which  is  to  shut  off  the  water  coming  from 
the  reservoir  in  the  event  of  one  of  the  pipes  bnrsting  or  any  other 
accident  occurring  whereby  the  velocity  of  the  water  in  the  pipe 
is  increased  beyond  that  to  which  the  valves  are  adjusted.  These 
self-acting  throttle  valves  were  suggested  by  Sir  William  Q-. 
Armstrong,  and  first  used  in  the  Manchester  Water  Works ;  and 
have  been  subsequently  introduced  in  the  Liverpool  Water  Works, 
(see  Proceedings  Inst.  M.  E.,  1863,  page  174.) 

At  intervals  along  the  line  of  the  mains  to  Glasgow  and  at  several 
points  in  the  city,  stop  valves  are  fixed  in  the  large  pipes,  one  of 
which  for  a  36  inch  pipe  is  shown  in  Figs.  34  to  36,  Plates  47  and  48. 
To  admit  of  these  valves  being  easily  closed  or  opened,  the  slide 
is  divided  into  two  compartments  T  and  U,  one  being  considerably 
smaller  than  the  other.  The  smaller  shde  T  is  the  first  opened, 
and  the  passage  of  the  water  through  this  opening  so  much  reduces 
the  pressure  upon  the  larger  sHde  U  that  it  can  also  be  opened  with 
ease ;  the  valve  is  thus  easily  worked  by  one  man.  To  economise 
space,  which  is  an  object  where  large  valves  have  to  be  placed  in 
pubHc  streets,  the  total  effective  area  of  the  valve  has  been  redoced, 
in  the  case  of  these  36  inch  valves,  firom  7  square  feet,  the  area  of 
the  pipe,  to  4^  square  feet ;  the  smaller  sHde  T  having  an  area  of 
1  square  foot,  and  the  larger  U  an  area  of  3  J  square  feet.  To  pass 
this  contraction  with  the  velocity  that  the  water  in  the  pipes  will 
have  when  the  discharge  is  greatest,  the  loss  of  head  will  be  from 
4  to  6  inches ;  but  this  loss  is  more  than  compensated  for  by  the 
economy  of  the  valve  and  the  reduction  in  the  dimensions  of  all  the 
parts.  The  design  of  these  valves  is  also  due  to  Sir  William 
G.  Armstrong,  and  for  large  valves  that  have  to  be  worked  under 
great  pressure  they  leave  nothing  further  to  be  desired. 

The  concussion  caused  in  large  pipes  by  suddenly  closing  the 
stop  valves  requires  to  be  guarded  against,  and  this  is  done  to  a 
considerable  extent  by  the  construction  of  the  stop  valves  themselves ; 
but  in  order  to  reduce  still  ftirther-the  risk  from  this  cause, 
momentum  valves  are  fixed  on  the  pipes  close  to  all  the  large  stop 
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TBiveB,  and  behmd  the  self-acting  tlirottle  valves.  They  are  simply 
safety  valves  constructed  on  the  principle  of  the  eqnilibrinm  or 
donble-beat  Cornish  valve,  and  have  been  nsed  both  in  the 
Manchester  and  Liverpool  Water  Works,  (see  Proceedings  Inst. 
M.E.,  1863,  page  175.)  Air  valves  are  placed  upon  all  the  summits 
and  sconring  cocks  in  the  bottom  of  all  the  hollows  on  the  mains. 
The  scouring  valves,  as  well  as  all  the  stop  valves  nsed  in  the  city 
under  17  inches  diameter,  are  the  ordinary  slide  valves  with  double 
brass  facings.  The  fire  cocks  used  in  Glasgow  are  of  brass,  upon 
the  principle  of  the  common  ground  cock,  with  the  water  admitted 
to  the  inside  of  the  plug,  which  is  hollow :  the  pressure  of  the  water 
tends  to  force  the  plug  into  its  seat,  and  thus  to  keep  the  cock  tight. 
There  are  2  700  of  these  fire  cocks  in  the  city,  placed  at  intervals 
varying  from  40  to  60  yards;  and  also  about  1200  fire  cocks  appHed 
as  cleansing  cocks.  The  water  meters  used  in  Glasgow  are  those  by 
Kennedy  of  Kilmarnock,  of  which  there  are  upwards  of  500  in 
use,  producing  a  revenue  of  £15,000  a  year,  (see  Proceedings 
Inst.  M.E.,  1856,  page  151.) 

For  the  distribution  of  the  water  supply,  the  north  part  of  the 
city  is  divided  into  a  high  and  a  low  district.  The  high  district  is 
supplied  by  the  36  inch  main  from  the  Mugdock  reservoir  which  is 
brought  in  by  Maryhill,  as  shown  at  Y  in  Fig.  2,  Plate  31 ;  and  the 
low  district  by  the  main  W  brought  in  by  the  Great  Western  Eoad. 
These  mains  as  well  as  the  subsidiary  mains  in  the  city  are  connected 
at  intervals,  so  that  an  accident  occurring  to  any  one  section  of  the' 
mains  does  not  to  any  seriouB  extent  affect  the  general  supply  to  the 
city.  The  large  pipes  only  are  connected;  and  each  distributing 
pipe  is  ftimished  with  a  stop  valve  where  it  leaves  the  main,  and  a 
cleansing  cock  at  the  further  end. 

The  quantity  of  water  sent  into  the  city  from  Loch  Katrine 
during  the  first  six  months  of  the  present  year  averaged  19,100,000 
gallons  per  day;  and  3,400,000  gallons  per  day  in  addition  were 
sent  in  from  the  Gorbals  Water  Works  on  the  south  side  of  the 
river.  Altogether  therefore  the  total  supply  to  Glasgow  is 
22,500,000  gallons  a  day,  an'd  this  is  distributed  to  a  population  of 
about  485,000  persons,  being  upwards  of  45  gallons  per  head  per 
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day.     Of  this  quantity  about  3|  gallons  per  head  per  day  is  sold  by- 
meter. 

The   cost  of  the   Loch   Katrine  Water  Works  has  been   as 
follows : — 

Constraction  of  Works £761,000 

Land,  parliamentary  expenses,  engineering, 

and  sundries 157,000 

918,000 

Add  sums  annually  payable  to  proprietors  in  the  two 

previous  water  companies,  capitalised  at  4  per  cent.       674,000 


Total  cost  of  the  whole  Water  Works       .    ,     .  £1,592,000 
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The  President  remarked  tliat  the  consumption  of  water  in 
Glasgow  as  named  in  the  paper,  45  gallons  per  head  per  day, 
appeared  a  very  large  quantity ;  and  he  enquired  how  much  of  that 
was  supplied  for  pubUc  works  and  steam  engines,  &c.,  and  how 
much  was  to  be  considered  as  the  supply  to  dwelling  houses  for 
domestic  purposes. 

Mr.  Gale  replied  that  about  3^  gallons  per  head  was  supplied  by 
meter  for  trade  purposes,  and  about  another  3|^  gallons  without 
meters  for  the  same  purposes,  including  steam  engines,  warehouses, 
shops^  and  all  manufacturing  and  other  purposes,  except  domestic 
use ;  making  7  gallons  per  head  supplied  for  such  purposes.  That 
left  38  gallons  per  head  as  the  supply  to  dwelling  houses  for 
domestic  use,  which  was  certainly  a  very  large  consumption,  and  no 
doubt  much  of  it  was  due  to  waste. 

Mr.  E.  A.  CowPER  enquired  whether  there  were  any  turbines  in 
use,  driven  by  the  water;  for  with  the  good  pressure  that  was 
maintained  in  the  mains,  turbines  could  be  used  with  great 
advantage  in  a  large  number  of  the  manufactories  of  small  size. 

Mr.  Gale  replied  that  there  were  a  few  turbines  of  small  power, 
but  their  consumption  of  water  was  included  in  the  supply  for 
steam  engines  and  manufacturing  purposes. 

Mr.* J.  Manning  enquired  whether  the  water  used  for  watering 
the  streets  was  included  in  the  7  gallons  that  were  accounted  for  in 
the  manner  that  had  been  explained. 

Mr.  Gale  replied  that  the  water  on  the  streets  was  included  in 
the  7  gallons  supplied  for  the  purposes  of  public  works. 

Mr.  W.  E.  Newton  considered  it  was  a  question  of  the  greatest 
importance  to  the  residents  in  large  towns,  whether  the  water  was 
supplied  to  them  by  meter  or  otherwise.  In  London  he  understood 
the  water  companies  could  not  be  induced  to  supply  by  meter,  giving 
as  one  reason  that  there  was  no  meter  they  could  use  which  would 
be  fiiir  both  to  themselves  and  the  consumers ;  and  the  charge  for 
the  water  was  therefore  fixed  at  5  per  cent,  upon  the  rental  of  the 
house,  irrespective  of  the  quantity  used :  the  same  was  the  case  also 
in  many  other  large  towns.  This  did  not  appear  a  fair  and  proper 
arrangement,  since  a  house  occupying  an  expensive  situation  in  the 
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town  Kad  thus  to  pay  much  more  for  the  water  than  a  honse  on  the 
outskirts,  though  the  former  might  be  using  no  more  water  or  even 
not  so  much ;  and  he  considered  the  only  fair  plan  would  be  for  each 
consumer  to  pay  for  the  quantity  actually  used  and  no  more.  In 
Glasgow  it  appeared  that  only  3^  gallons  per  head  was  supplied  by 
meter  out  of  the  total  daily  consumption  of  45  gallons,  and  he 
enquired  how  it  was  that  only  so  small  a  quantity  was  suppHed  by 
meter,  and  whether  the  use  of  meters  was  optional  with  the 
consumers.  He  asked  also  what  construction  of  meter  was 
employed  and  how  it  was  found  to  answer :  if  a  really  good  meter 
were  provided,  it  might  be  possible  he  thought  to  insist  upon  the 
water  companies  supplying  by  meter,  instead  of  the  present  plan  of 
charging  irrespective  of  the  quantity  used. 

Mr.  Gale  replied  that  the  3^  gallons  supplied  by  meter  out  of 
the  daily  consumption  of  45  gallons  per  head  was  supplied  to  public 
-works,  and  it  was  only  for  these  purposes  that  the  water  was 
supphed  by  meter.  Dwelling  houses  were  not  supplied  by  meter, 
but  were  rated  according  to  rental,  in  the  same  manner  as  in  London 
and  elsewhere ;  and  he  did  not  see  how  it  coxdd  be  arranged  for 
the  supply  of  water  to  dwelling  houses  to  be  by  meter.  The  meters 
used  were  Kennedy's  piston  meters,  which  he  had  found  continued 
to  work  correctly  for  a  great  length  of  time,  and  he  considered  them 
excellent  meters. 

The  President  thought  the  water  company  would  be  glad  to 
supply  the  water  by  meter  to  all  consumers,  if  it  could  be  so 
arranged,  but  he  feared  the  pubKc  in  general  would  not  agree  to 
the  universal  adoption  of  any  meter.  The  company  had  frequently 
found  it  necessary  to  threaten  that  if  consumers  did  not  take  better 
car©  to  prevent  the  waste  of  so  much  water,  the  use  of  meters 
would  have  to  be  made  general  and  compulsory.  He  certainly 
considered  the  supply  by  meter  was  the  only  fair  plan,  so  that  each 
consximer  should  pay  for  the  water  he  actually  used. 

Mr.  J.  Fernie  suggested  that  the  cost  of  the  meters  would 
probably  be  a  difficulty  in  the  way  of  their  general  adoption :  he 
enquired  what  would  be  the  number  required,  and  what  was  their 
cost. 
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Mr.  Gale  replied  that  there  were  upwards  of  100,000  &milie8 
supplied  with  water  by  the  corporation  within  the  area  of  distribution 
in  Glasgow  and  neighbourhood,  and  the  meters  cost  &om  £3  10^.  to 
£10  each;  so  that  the  universal  adoption  of  the  meters  would 
involve  a  very  large  outlay.  Tn  addition  to  this  there  was  the 
fiirther  objection  that  one  half  the  population  of  Glasgow  drew 
their  water  from  common  taps,  direct  from  the  street  main  and 
common  to  twenty,  thirty,  or  a  hundred  different  families;  and  there 
was  no  means  of  properly  apportioning  the  charge  in  such  cases  to 
the  several  parties. 

The  President  suggested  that  the  charge  might  be  put  upon  the 
landlord  in  such  cases,  by  a  rate  in  proportion  to  the  rental,  the 
same  as  at  present. 

Mr.  W.  E.  Newton  observed  that  that  was  a  difficulty  not 
incidental  to  London  and  other  large  towns  in  England,  because  the 
houses  were  there  all  self-contained,  and  not  in  flats  as  in  Glasgow. 

Mr.  T.  Snowdon  enquired  what  was  the  amount  of  the  water 
rate  in  Glasgow. 

Mr.  Gale  replied  that  the  rate  was  at  present  Is.  2d.  in  the  pound 
to  all  the  district  north  of  the  Clyde,  and  Is.  in  the  pound  on  the 
south  side  of  the  river. 

Mr.  I.  Smith  enquired  what  was  the  rate  of  charge  for  water 
supplied  by  meter  to  public  works. 

Mr.  Gale  replied  that  the  charge  by  meter  varied  from  4*8t2.  to 
7d,  per  1000  gallons  according  to  the  quantity  used,  the  smallest  price 
being  for  a  consumption  exceeding  6,000,000  gallons  per  quarter  of 
a  year. 

Mr.  E.  HuMPHRYS  thought  there  was  not  so  much  objection  to  the 
use  of  water  meters  in  London  as  appeared  to  be  felt  in  Glasgow. 
At  his  own  house  in  the  neighbourhood  of  London  the  water  was 
supplied  by  meter  from  the  Kent  Water  Works,  for  which  the 
charge  was  lOd.  per  1000  gallons ;  and  he  had  no  reason  to  think 
that  he  paid  for  either  more  or  less  than  the  quantity  actually  used. 

Mr.  A.  RiGG  enquired  whether  the  piston  meters  that  were  used 
would  allow  of  the  water  ever  passing  through  without  being 
registered,  or  whether  the  working  parts  were  so  accessible  tiiai 
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the  oonstuners  might  arrange  them  to  pass  the  water  without 
registering:  and  also  whether  the  registration  varied  at  all 
according  to  the  pressure  of  water  in  the  particular  part  of  the 
town  where  the  meter  was  situated. 

Mr.  Gale  replied  that  the  piston  meters  would  allow  the 
water  to  pass  through  occasionally  without  registering,  when  not 
in  perfect  order,  which  was  an  error  in  favour  of  the  consumer ; 
hut  they  could  not  purposely  be  made  to  do  so,  except  by  damaging 
the  meter.  The  registration  of  the  piston  meter  was  not  affected 
by  variation  in  the  pressure  of  the  water,  but  he  thought  meters 
constructed  on  the  rotary  principle  would  register  different 
quantities  according  to  the  pressure. 

Mr.  W.  E.  Newton  mentioned  that  a  large  prize  had  been  offered 
by  the  London  water  companies  for  a  really  good  and  reliable  water 
meter,  from  which  it  would  appear  they  considered  this  still  an 
important  desideratum  and  were  not  ftdly  satisfied  with  any  of  the 
present  constructions  of  meters.  One  of  the  principal  difficulties  in 
ensuring  correct  registration  arose  he  believed  from  the  different 
pressures  under  which  the  meters  were  required  to  work  in  different 
situations. 

Mr.  E.  A.  CowPER  observed  that  there  were  a  great  nimiber  of 
water  meters  at  work  in  London,  both  piston  meters  and  rotary 
meters,  and  he  certainly  thought  some  of  them  were  practically 
reliable  enough  for  all  ordinary  purposes.  In  a  trial  made  about 
a  year  ago  at  Somerset  House,  with  one  of  the  piston  meters  and 
one  of  Siemens'  rotary  meters,  measuring  the  water  into  a  large 
square  cast  iron  tank,  it  was  found  that  the  registration  of  the 
piston  meter  varied  from  3  to  9  per  cent,  from  the  correct 
amount,  according  to  the  rate  at  which  the  water  was  passed 
through  the  meter ;  while  the  rotary  meter  varied  only  from  1|  to 
If  per  cent,  under  the  same  change  of  circumstances.  The 
range  of  variation  in  rate  of  working  which  the  rotary  meter 
admitted  of  was  especially  large,  and  it  would  measure  at  a  much 
slower  rate  than  a  piston  meter :  in  fact  from  as  little  as  a  wineglass 
fall  per  minute  up  to  10  gallons  per  minute  in  the  smallest  size  of 
meter,  and  from  100  to  100,000  gallons  per  minute  in  the  larger  sizes. 
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Water  companies  however  were  not  favourable  lie  thouglit  to  putting 
meters  in  private  honses,  because  people  wonld  not  pay  so  mucli 
for  water  as  at  present :  for  where  the  consumers  bad  to  *pay  for  tlie 
water  by  a  fixed  charge,  such  as  the  rate  upon  rental,  irrespective  of 
the  quantity  used,  they  would  not  hesitate  to  use  as  much  water  as 
they  wanted ;  but  if  they  had  to  pay  by  meter,  according  to  tlie 
quantity  used,  and  could  save  money  by  using  less  water,  tliey 
would  be  very  likely  to  do  so,  and  in  many  cases  would  not  use  as 
much  water  as  was  desirable.  It  seemed  fair  to  assume  that  the 
tenant  of  a  house  should  use  a  reasonable  quantity  of  water ;  and 
therefore  what  was  considered  to  be  a  fair  average  rate  was 
charged,  which  he  thought  was  on  the  whole  the  best  way. 

Glasgow  was  greatly  to  be  congratulated  he  considered  on  having 
a  supply  of  such  excellent  water,  containing  only  2  j  grains  of  soluble 
matter  per  gallon;  that  was  a  most  remarkable  degree  of  purity, 
and  was  no  doubt  due  to  the  almost  entire  absence  of  arable  land  in 
the  drainage  area  from  which  the  supply  was  derived,  whereby  the 
water  was  kept  particularly  free  from  any  admixture  of  organic 
matter.  The  72  square  miles  of  drainage  area  was  certainly  a  most 
ample  extent  of  country  for  obtaining  the  water  supply,  and  the 
storage  capacity  also  appeared  ample  enough  for  Glasgow  for  the 
next  century  to  come. 

Mr.  F.  J.  Bramwell  enquired  whether  any  difficulty  had  been 
experienced  from  the  water  acting  upon  lead  pipes,  on  account  of 
its  exceeding  purity. 

Mr.  GrALE  replied  that,  from  carefdl  investigations  made  before 
the  water  works  were  commenced,  it  was  thought  that  under  the 
ordinary  circumstances  of  supply  in  Glasgow  there  would  be  no 
perceptible  action  upon  lead  pipes :  and  this  had  proved  to  be  the 
case,  as  the  water  was  not  found  to  act  upon  lead  to  any  perceptible 
or  injurious  extent. 

Mr.  H.  Maudslay  observed  that  the  area  of  passage  for  the 
water  through  the  stop  valves  in  the  36  inch  mains  appeared  to  be 
greatly  reduced  as  compared  with  the  size  of  the  pipes;  and  he 
enquired  how  it  was  that,  if  so  large  an  area  of  passage  as  7  square 
feet  was  required  in  the  pipes,  the  area  had  been  reduced  to  only 
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4|  square  feet  at  the  valves.  The  plan  of  dividing  the  stop  valves 
into  two  parts,  and  opening  the  smaller  slide  first,  so  as  to  take  off 
the  pressure  from  the  larger  slide  whilst  that  was  being  opened, 
was  a  simple  and  efl&cient  way  of  getting  over  the  difficulty  of 
opening  a  large  slide  valve  under  a  heavy  pressure:  the  same 
object  was  sometimes  accomplished  by  having  a  small  pipe  ftimished 
with  a  cock,  communicating  with  the  main  pipe  on  each  side  of  the 
large  valve,  so  as  to  relieve  the  pressure  on  the  back  of  the  valve  at 
the  time  of  opening  or  shutting  it. 

Mr.  E.  A.  CowPER  remarked  that  where  it  was  desirable  for  the 
sake  of  convenience  or  economy  to  keep  a  valve  small,  it  was 
reasonable  to  make  the  area  of  passage  through  the  valve  less  than 
the  area  of  the  pipe:  because  the  loss  of  head  from  the  friction 
through  a  great  length  of  pipe  was  very  great,  and  therefore  pipes 
were  made  as  large  as  practicable ;  whereas  the  loss  of  head  due 
to  the  water  passing  the  contracted  opening  of  the  valve  was  but 
a  small  amount.  For  this  reason  it  was  a  common  practice  to  have 
valves  or  cocks  smaller  than  the  pipes  connected  to  them. 

Mr.  Gale  observed  that  there  was  an  advantage  in  reducing  the 
size  of  the  stop  valves  in  the  mains,  and  so  long  as  the  area  of 
passage  was  lai^e  enough  to  be  effective,  the  smaller  the  valves 
were  the  better ;  since  they  were  then  more  compact  and  more 
easily  fixed  in  the  streets,  where  the  space  available  was  often  too 
small  for  fixing  a  large  valve,  on  account  of  the  street  being 
already  occupied  by  drains  and  other  pipes  for  gas  and  water.  In 
the  stop  valve  shown  in  the  drawings  the  area  of  passage  of  the 
36  inch  main  was  reduced  about  one  third  at  the  valve,  and  the  loss 
of  head  in  the  water  pressure  caused  by  this  was  about  4  inches. 
If  the  contraction  were  in  the  form  of  a  diaphragm  with  a  hole  in  it, 
standing  abruptly  across  the  stream,  the  loss  of  head  would  be 
6  inches;  but  by  making  the  approaches  to  the  valve  slightly 
CTirved,  the  loss  was  reduced  to  probably  not  more  than  4  inches 
of  head.  As  the  same  amount  of  head  would  be  lost  by  friction  in  a 
length  of  only  about  60  yards  of  main,  it  was  a  mere  trifle  in 
comparison  with  the  practical  advantage  of  getting  the  stop  valve 
so  much  smaller  in  size. 
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Mr.  J.  J.  BiRCKEL  remarked  tliat  a  compound  slide  valve,  having 
a  small  slide  on  the  back  of  the  main  slide,  had  been  in  use  maoiy 
years  for  the  steam  regulators  of  many  locomotive  engines,  for 
relieving  the  pressure  on  the  back  of  the  larger  slide  in  opening 
the  valve,  in  a  similar  manner  to  the  double  stop-valve  that  had 
been  described.  He  enquired  what  was  the  pressure  of  the  water 
in  the  mains  in  various  parts  of  Glasgow. 

Mr.  Gale  replied  that  there  was  great  variation  of  level  in 
Glasgow,  from  the  sea  level  to  200  feet  above  sea  level  in  the 
higher  parts  of  the  city  and  300  feet  above  sea  level  at  the 
Mugdock  reservoir ;  and  the  pressure  in  the  mains  therefore  varied 
correspondingly,  ranging  from  100  lbs.  per  square  inch  down  to 
notlurig.  At  Clarendon  Place,  St.  George's  Road,  where  the  two 
mains  from  Mugdock  reservoir  met  and  the  distribution  to  the  city 
commenced,  a  series  of  gauges  were  erected  on  the  several  branches, 
to  afford  the  means  of  observing  the  pressure,  which  varied  in  the 
mains  of  one  district  from  90  lbs.  per  square  inch  in  the  night  to 
70  lbs.  in  the  day,  and  in  the  mains  of  the  other  district  from  60  lbs. 
during  the  night  to  40  lbs.  during  the  day.  In  both  of  the  mains 
the  pressure  could  be  increased  a  little  if  desired  by  opening  the 
stop  valves  to  the  widest  extent. 

Mr.  W.  E.  Newton  enquired  whether  the  water  supply  was 
constant,  night  and  day,  to  all  parts  of  the  city,  or  whether  cisterns 
were  used ;  and  whether  any  difficulty  had  been  experienced  from 
frost. 

Mr.  Gale  replied  that  the  supply  was  constant,  night  and  day, 
without  cisterns,  except  in  the  higher  districts  where  cisterns  were 
necessary.  No  difficulty  whatever  had  been  experienced  from 
frost  in  the  large  pipes  in  the  streets,  but  some  trouble  arose 
occasionally  with  the  lead  service  pipes  in  houses,  where  they  were 
not  properly  protected  from  the  weather.  With  the  ordinary 
precaution  however  of  having  the  pipes  properly  protected,  no 
difficulty  from  frost  need  be  feared. 

Mr.  J.  Fernie  observed  that  for  crossing  the  three  valleys  of 
the  Duchray,  the  Endrick,  and  the  Blane,  the  cast  iron  syphon 
pipes  employed  were   only  4  feet  diameter,  while  the  built  and 
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timnelled  portion  of  tlie  aquednct  was  8  feet  square;  and  lie 
enqnired  liow  the  pipes  were  connected  to  tlie  aqueduct  at  each 
end. 

Mr.  G-ALE  explained  that  the  aqueduct  delivered  the  water  into 
a  small  basin  of  about  22|  feet  by  15  feet,  into  which  the  48  inch 
syphon  pipe  was  inserted ;  and  the  other  end  of  the  pipe  deUvered 
the  water  into  a  similar  basin  on  the  other  side  of  the  valley  where 
the  aqueduct  was  renewed.  The  velocity  of  the  water  through  the 
pipe  was  much  greater  than  along  the  aqueduct,  the  fall  in  the 
aqueduct  being  1  in  6336,  while  that  between  the  two  ends  of  the 
pipe  was  1  in  1000. 

The  President  enquired  whether  there  had  been  any  leakage  at 
the  ends  of  the  Culegarton  and  similar  wrought  iron  aqueduct 
bridges,  where  the  junction  of  the  cast  iron  trough  with  the  wrought 
iron  tube  was  made  by  the  bolster  of  vulcanised  india-rubber ;  and 
also  whether  there  had  been  any  trouble  from  freezing  in  the 
aqueduct. 

Mr.  Gale  replied  that  no  leakage  had  been  experienced  at  the 
ends  of  the  wrought  iron  aqueduct  bridges,  and  the  india-rubber 
bolster  was  found  to  make  a  perfectly  water-tight  joint,  while 
allowing  for  the  free  expansion  and  contraction  of  the  wrought  iron 
tube.  The  water  had  never  been  found  to  freeze  in  the  aqueduct, 
being  covered  over  throughout  the  entire  course  of  the  aqueduct, 
excepting  the  open  cast  iron  troughs. 

Mr.  J.  E.  Swindell  enquired  whether  the  geological  formations 
met  with  along  the  line  of  the  aqueduct  from  Loch  Katrine  to 
Glasgow  presented  a  continuous  and  complete  series  according 
to  the  regular  order. 

Mr.  Gale  exhibited  a  series  of  specimens  of  the  rocks  passed 
through  in  the  construction  of  the  aqueduct.  He  explained  that 
the  Loch  Katrine  tunnel  commenced  in  the  lowest  of  the  sedimentaiy 
rocks,  after  which  came  the  mica  schist  and  the  clay  slate.  There 
was  then  a  gap  in  the  geological  series  at  the  commencement  of  the 
Clashmore  tunnel,  which  passed  through  the  conglomerate  and  the 
old  red  sandstone,  and  the  red  sandstone  series  was  complete  to  the 
upper  end,  where  it  was  thrown  out  by  a  great  belt  of  amygdaloidal 
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trap  at  the  Mugdock  tunnel,  causing  a  void;  and  then  the  coal 
measures  were  met  with  at  once,  extending  all  the  rest  of  the  way 
to  Glasgow. 

The  President  enquired  how  rapidly  the  water  level  in  Loch 
Katrine  rose  after  a  heavy  raiofiill. 

Mr.  Gale  said  he  had  known  the  water  level  rise  as  nmch  aa 
12  inches  in  24  hours  when  there  had  been  a  heavy  fall  of  rain. 

The  President  enquired  what  was  the  pressure  at  theJowest 
part  of  the  48  inch  syphon  pipes  crossing  the  valleys. 

Mr.  Gale  replied  that  the  greatest  pressure  in  the  48  inoli  pipes 
was  240  feet  head,  at  the  bottom  of  the  Endrick  valley,  and  that 
was  the  greatest  pressure  at  any  part  of  the  course  of  the  works. 

Mr.  A.  RiGG  asked  what  provision  was  made  in  the  event  of  an 
accident,  such  as  the  bursting  of  one  of  the  48  inch  pipes. 

Mr.  Gale  said  there  were  men  constantly  stationed  for  the 
purpose  of  shutting  the  water  off  in  case  of  any  accident,  by  means 
of  sluice  valves  fixed  at  the  aqueduct  bridges,  the  water  being 
discharged  into  the  streams  below,  until  orders  could  be  sent  to 
shut  off  the  water  at  the  Loch  Katrine  inlet. 

The  President  enquired  how  often  the  straining  well  at  Mugdock 
required  cleaning,  and  whether  much  reftise  was  found  in  it  at  the 
time  of  cleaning. 

Mr.  Gale  rephed  that  the  straining  well  was  cleaned  about  once 
a  week  during  summer  and  once  a  fortnight  during  winter.  The 
reftise  found  upon  the  strainers  consisted  of  leaves  and  bits  of  sticks 
and  straws,  and  was  sufl&cient  to  prevent  the  action  of  the  strainers 
if  allowed  to  go  on  longer,  as  the  strainers  were  very  fine  and  close, 
being  made  of  copper  wire  cloth  with  40  meshes  to  the  inch. 

The  President  proposed  a  vote  of  thanks  to  Mr.  GWe  for  his 
paper,  which  was  passed. 


The  following  paper,  by  Mr.  Andrew  Duncan  of  Glasgow, 
Resident  Engineer  to  the  Clyde  Trust,  communicated  through  the 
President,  was  then  read : — 
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ON  THE  CONSTRUCTION  AND  RESULTS  OP  WORKING 
OF  THE  LARGE  STEAM  DREDGERS  ON  THE  CLYDE. 


By  Mr.  ANDEEW  DUNCAN,  of  Glasgow. 


The  improyements  in  the  channel  of  the  river  Clyde  were 
commenced  in  1770,  under  the  direction  of  Mr.  Gonlboume  of 
Chester.  At  that  time  the  navigable  depth  to  Glasgow  was  only 
3  feet  at  high  water  spring  tides,  as  shown  in  the  diagram.  Fig.  7,  * 
Plate  52,  with  1|  feet  at  low  water ;  while  the  high  water  of  neap 
tides  did  not  reach  Glasgow  at  all.  The  river  was  crossed  by 
seven  fords,  one  being  as  far  down  the  river  as  Dumbuck,  about 
12  miles  below  Glasgow,  which  had  only  2  feet  depth  over  it  at 
low  water.  The  first  operation  seems  to  have  been  the  removal 
of  the  Dumbuck  ford ;  and  numerous  cross  jetties  were  afterward* 
shot  out  &om  either  bank  as  far  up  as  Glasgow,  for  the  purpose 
of  narrowing  the  channel,  their  outer  ends  being  subsequently 
connected  by  parallel  dykes.  Soon  after  1798  a  few  ploughs  and 
a  dredging  machine  worked  by  manual  labour  were  employed  in 
deepening  the  shallowest  places ;  and  the  result  of  these  operations 
was  to  enable  vessels  drawing  6  feet  of  water  to  come  up  to 
Glasgow  at  high  water  spring  tides. 

By  the  introduction  of  Steam  Dredgers  upon  the  Clyde,  very 
important  improvements  have  been  effected  in  enlarging  the  channel 
of  the  river.  In  1824  the  first  steam  dredging  machine  was 
obtained,  which  now  belongs  to  the  town  of  Dumbarton,  and  is  at 
work  on  the  river  Leven  running  out  from  the  foot  of  Loch 
Lomond  into  the  Clyde.  By  that  time  the  Liverpool  traders  were 
coming  up  to  Glasgow  at  high  water  spring  tides,  drawing  11  feet 
of  water,  as  shown  in  the  diagram.  Fig.  8,  Plate  52.  In  1831, 
there  were  two  vessels  drawing  13  feet;  in  1836,  six  vessels 
drawing  15  feet;  in  1839,  one  drawing  17  feet;  in  1853,  two 
drawing  19  feet ;  in  1860,  eight  drawing  19  feet ;  and  in  186S,  two 
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vessels  drawing  21  feet  arrived  at  Glasgow,  illustrated  by  the 
diagram,  Fig.  9,  Plate  52.  The  register  tonnage  of  the  vessels 
arriving  and  departing  from  Glasgow  now  exceeds  three  millions 
ammally ;  and  the  minimum  depth  of  the  river  is  now  not  less  than 
12  feet  at  low  water,  with  a  rise  of  9  feet  at  average  spring  tides  and 
7  feet  at  neap  tides.  The  deepening  and  widening  of  the  channel 
is  still  in  progress,  and  more  powerful  machinery  is  in  course  of 
construction  in  order  to  hasten  on  the  work.  The  depth  which  is 
now  contemplated  throughout  the  whole  length  of  the  river  up 
to  Glasgow  is  15  feet  at  low  water,  giving  24  feet  depth  of  high 
water  at  spring  tides  and  22  feet  at  neap  tides. 

As  regards  the  deposit  to  be  removed  from  the  river  bed,  the 
greater  portion  of  it  comes  from  the  drainage  of  -the  ciiy,  all  the 
sewers  of  which  discharge  into  the  harbour,  where  the  deposit 
lodges :  also  a  considerable  quantity  of  sand  is  brought  down  from 
the  upper  reaches  of  the  river  by  the  land  floods,  and  lodges  chiefly 
above  Glasgow  bridge.  One  of  the  two  large  double  dredging 
machines  is  kept  constantly  at  work  in  the  harbour,  the  maintenance 
of  which  costs  about  £11,000  annually,  and  three  fourths  of  this 
amount  may  be  said  to  be  due  to  city  sewage. 

The  entire  dredging  plant  of  the  river  consists  of  two  large 
double  dredgers,  shown  in  Plates  49  to  51,  and  three  single 
dredgers,  making  five  in  all :  connected  with  which  there  are  350 
punts,  each  capable  of  carrying  8  cubic  yards  or  10  tons  of  material ; 
one  tug  steamer  of  80  horse  power ;  and  four  screw  hopper  barges, 
each  capable  of  carrying  300  tons,  shown  in  Plates  54  and  55. 
During  the  last  twenty  years,  8,114,872  cubic  yards  or  10,143,590 
tons  of  material  have  been  removed  by  dredging ;  last  year's  work, 
ending  June  1864,  being  632,272  cubic  yards  or  790,340  tons. 

The  following  is  a  general  description  of  the  two  large  double 
dredgers,  Nos.  1  and  6,  the  latter  of  which  is  shown  in  Plates  49, 
50,  and  51. 

The  first  double  dredger,  No.  1,  was  constructed  in  1851  by 
Messrs.  Murdoch  Aitken  and  Co.  of  Glasgow.  The  hull  is  of  iron, 
98^  feet  long,  31  feet  broad,  and  10  feet  deep,  drawing  5  feet  of 
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water.  The  engine  is  a  direct-acting  marine  engine,  with  cylinder 
37  inches  diameter  and  3  feet  stroke,  and  makes  about  33  revolutions 
per  minute.  The  boiler  is  a  flue  boiler  with  four  farnaces,  worked 
at  a  pressure  of  4  lbs.  above  the  atmosphere,  and  burning  about 
44  cwts.  of  coal  per  day  of  10  hours.  The  bucket  frames  are  of 
timber,  trussed  with  iron  rods,  and  the  buckets  can  dredge  in 
22|  feet  depth  of  water.  The  buckets  are  38  in  number  in  each 
well,  and  each  contains  when  quite  ftdl  3|  cubic  feet.  The  motion 
is  communicated  from  the  engine  to  the  upper  tumbler  by  cast 
iron  shafting.  The  tumbler  makes  about  6|  turns  per  minute,  or 
13  buckets  per  minute ;  but  as  the  buckets  are  never  quite  full, 
the  quantity  lifted  when  working  in  good  material  is  about  10  tons 
in  4  minutes,  or  about  2  cubic  feet  per  bucket.  Taking  the  year 
ending  June  1864,  the  total  quantity  of  material  lifted  by  this 
dredger  was  143,360  cubic  yards  or  179,200  tons ;  and  as  the  total 
number  of  engine  hours  was  2483,  the  average  quantity  lifted  per 
day  of  10  hours  was  about  720  tons. 

The  material  is  discharged  over  the  stem  of  this  dredger, 
which  arrangement  was  preferred  to  discharging  at  the  sides 
inasmuch  as  less  room  is  occupied  in  filling  the  punts  by  discharging 
over  the  stem ;  but  this  plan  has  the  disadvantage  of  causing  a  loss 
of  time  while  the  punts  are  being  shifted  after  each  has  been  filled. 
Another  disadvantage  is  that  when  working  during  flood  tide  in 
the  lower  reaches  of  the  river,  where  the  current  is  much  stronger 
than  in  the  harbour,  the  punts  become  nearly  unmanageable,  the 
current  forcing  them  so  hard  against  the  stem  of  the  dredger, 
which  is  always  moored  with  its  bow  up-stream,  as  to  render  the 
shifting  of  the  punts  when  filled  a  work  of  considerable  labour ;  so 
much  so  in  fact  that  working  on  the  flood  tide  in  the  lower  reaches 
of  the  river  was  avoided  as  much  as  possible. 

The  cost  of  this  dredger  was  £8500.  The  crew  required  to 
work  the  dredger  and  punts  consists  of  eighteen  in  all,  namely : — 
captain,  mate,  engineer,  fireman,  bow  craneman,  stemman,  wellman, 
two  deckhands,  cook,  watchman,  and  seven  men  connected  with 
the  punts.  The  expenses  of  working  during  the  year  ending  30th 
June  1863  were : — 
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-   Wages £916  19    2 

Coals 204  10    7 

Stores 73  11     5 

Total  working  expenses       £1195    1    2 

and  the  average  annual  cost  of  repairs  is  about  £680. 

The  other  large  double  dredger,  No.  6,  shown  in  Plates  49  to  51, 
was  constructed  in  1855  by  Messrs.  Thomas  Wingate  and  Co.  of 
Glasgow;  and  is  arranged  so  as  to  discharge  over  the  sides,  in 
order  to  obviate  the  complaints  brought  against  the  previous 
dredger  when  working  in  the  lower  reaches  of  the  river,  for  which 
this  one  was  principally  intended  and  is  generally  used.  The  crew 
required  to  work  this  dredger,  exclusive  of  the  crews  on  board 
the  screw  hopper  barges,  is  twelve  in  all,  namely : — captain, 
engineer,  fireman,  mate,  cook,  watchman,  and  six  deckhands. 
Previous  to  the  hopper  barges  being  substituted  for  the  small 
punts,  this  machine  required  a  crew  of  twenty-one.  The  expenses 
of  working  during  the  year  ending  June  1863,  the  hopper  barges 
being  used,  amounted  to : — 

Wages £562    1    4 

Coals 171    1    6 

Stores 95    4    6 

Total  working  expenses      £828    7    4 
The  annual  average  cost  of  repairs  is  about  £980,  being  considerably 
more  than  in  the  case  of  No.  1  dredger ;  for  as  the  latter  is  working 
in  soft  soapy  sludge,  the  buckets  and  links  do  not  get  cut  up  so  soon 
as  if  working  in  sand,  as  in  the  case  of  No.  6. 

Fig.  1,  Plate  49,  is  a  longitudinal  section  of  No.  6  Dredger ;  and 
Fig.  2,  Plate  50,  a  plan,  showing  the  line  of  punts  on  each  side  of 
the  dredger.     Fig.  3,  Plate  51,  is  a  transverse  section  to  a  larger 


The  dredger  is  built  entirely  of  iron,  and  is  120  feet  long  and 
33  feet  broad,  with  a  flat  bottom  and  5  feet  draft  of  water;  the 
plates  are  7-16ths  inch  thick  at  the  bottom  and  5-16ths  inch  at  the 
sides.  The  two  boilers  A  A,  Figs.  1  and  3,  Plates  49  and  51,  fixed 
in  the  centre  of  the  vessel,  are  low  pressure  cylindrical  flue  boilers, 
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6  feet  diameter  and  15  feet  long,  working  at  8  lbs.  pressnre  above 
the  atmosphere ;  and  the  coal  consttmed  is  about  2|  tons  per  day 
of  10  honrs.  The  engine  B  is  a  single  side-lever  condensing  engine, 
with  37  inch  cylinder  and  3  feet  stroke,  running  at  an  average 
speed  of  about  32  revolutions  per  minute,  and  driving  the  tumbler 
shafts  C  C  of  the  two  bucket  framea  D  D  at  the  reduced  speed  of 
6  revolutions  per  minute,  by  two  sets  of  spur  gearing  consisting 
of  mortice  wheels  and  cast  iron  pinions.  Either  set  of  buckets 
can  be  stopped  and  started  independently  of  the  other  by  means 
of  clutcb  boxes  worked  by  levers  upon  deck. 

The  power  is  communicated  to  the  tumbler  shafts  C  C  through 
friction  wheels  E  E,  which  are  adjusted  so  as  to  transmit  only  a 
definite  amount  of  power,  and  to  slip  round  freely  whenever  the 
resistance  exceeds  that  limit,  from  the  buckets  cutting  too  deeply  into 
the  ground  or  meeting  with  any  obstacle :  by  this  means  any  risk  of 
damage  to  the  machinery  is  prevented.  One  of  these  friction  wheels 
is  shown  enlarged  in  Figs.  4  and  5,  Plate  52.  It  consists  of  one 
ring  revolving  within  another,  the  inner  one  F  being  keyed  upon 
the  shaft,  and  having  a  cylindrical  recess  of  rectangular  section 
turned  in  the  circumference,  8|  inches  wide  and  1  inch  deep,  in 
whiih  fit  a  series  of  cast  iron  segment  blocks  I L  These  are  held 
in  recesses  in  the  outer  ring  Gr,  and  are  each  pressed  against  the 
inner  ring  by  a  set  screw,  adjusted  to  give  the  required  amount  of 
friction  for  driving  the  inner  ring  F  and  the  gearing  connected 
with  it. 

The  bucket  frames  or  dredging  ladders  D  D,  Plates  49  and  51, 
consist  each  of  a  pair  of  wrought  iron  plate  girdei*s,  11  feet  long  and 
3  feet  9  inches  deep  in  the  centre,  fixed  parallel  to  each  other  with 
2  feet  3  inches  space  between  them,  and  stayed  together  by  transverse 
plate  stays.  A  transverse  section  of  one  of  the  bucket  frames  is 
shown  in  Fig.  6,  Plate  52.  These  frames  carry  a  series  of  cast  iron 
rollers,  upon  which  the  bucket  links  travel ;  and  a  cast  iron  tumbler 
C  and  H,  Fig.  1,  at  the  top  and  bottom  ends,  over  which  the  links 
WiM»k.  Each  ladder  is  suspended  at  the  upper  end  by  cast  iron 
dead-eyes,  firmly  bolted  to  the  main  framing  of  the  dredger ;  through 
these  dead-eyes  the  upper  tumbler  shaft  C  passes  freely,  and  round 
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tiLem  the  ladder  turns  in  being  lifted  or  lowered :  ttus  the  npper 
tnmbler  shaft  C  does  not  bear  any  part  of  the  weight  of  the  ladder  D. 
The  shaft  C  is  of  wrought  iron,  and  works  in  top  and  bottom 
brass  bushes  in  pillow  blocks  bolted  to  the  main  framing  of  the 
dredger.  Each  ladder  works  in  a  vertical  well  K,  Figs.  2  and  3, 
passing  through  the  bottom  of  the  vessel. 

There  are  41  buckets  to  each  ladder,  one  of  which  is  shown 
separately  in  Plate  53  ;  Fig.  10  is  a  vertical  section.  Fig.  11  a  plan 
of  the  back,  and  Figs.  12  and  13  transverse  sections  at  the  month 
and  at  the  bottom.  The  buckets  are  constructed  of  5-16ths  inch 
wrought  iron  plates,  bent  and  rivetted,  with  a  flat  back  |  inch  thick, 
upon  which  four  wrought  iron  bars  J  J  are  rivetted,  having  eyes 
at  the  ends.  These  are  connected  together  by  the  two  intermediate 
links  L  L,  3  inches  square,  and  jointed  with  2^  inch  steeled  pins, 
the  whole  forming  a  continuous  chain  with  2  feet  pitch  of  the  hnks. 
The  pins  are  prevented  from  turning  in  the  eyes  of  the  bucket  links  J, 
which  are  not  steeled,  and  the  eyes  of  the  intermediate  Hnks  L 
are  bushed  with  steel  on  the  wearing  side.  In  another  dredger. 
No.  7,  which  is  the  most  recent  construction,  the  plan  is  adopted 
of  inserting  a  bush  of  hard  steel  5-8ths  inch  thick  into  the  eyes  of 
the  single  links  L,  while  they  are  hot ;  and  when  worn  this  hngh  is 
driven  out  and  another  inserted,  so  that  the  eyes  of  the  links  do  not 
wear  at  all.  The  mouth  of  the  bucket  is  made  1^  inch  thick  at  the 
point,  tapered  to  |  inch  at  the  sides,  and  is  fiiced  on  the  outside 
with  steel  \  inch  thick  welded  on  the  plate,  as  shown  by  the  darker 
section  in  Figs.  10  and  12 ;  the  mouth  is  shaped  in  a  projecting 
scoop  form,  for  excavating  and  lifting  the  material  dredged,  as  each 
bucket  in  succession  passes  under  the  bottom  tumbler  H  of  the 
ladder,  Figs.  1  and  3. 

The  depth  of  excavation  of  the  buckets  is  regulated  by  the 
lifting  chain  M,  Fig.  1,  Plate  49,  attached,  to  the  lower  end  of  the 
bucket  frame  D,  and  hoisted  at  the  rate  of  about  26  feet  per  minute 
by  the  windlass  or  hoisting  barrel  N,  which  is  driven  by  a  smaU 
shaft  from  the  engine  through  a  clutch  box  and  friction  wheel, 
similar  to  .those  giving  motion  to  the  buckets  and  also  worked 
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by  a  lever  upon  deck.  The  depth  of  dredging  is  continually  gauged 
dniing  work  by  a  man  stationed  at  the  bucket  well  K  holding  a 
gauging  rod  resting  on  the  river  bottom,  and  having  the  lifting 
lever  at  hand  and  also  a  break  handle  for  lowering  the  bucket 
frame,  so  as  to  keep  the  buckets  constantly  adjusted  to  a  uniform 
depth  of  cut,  according  to  the  surfiice  of  the  ground.  A  self- 
indicating  gauge  has  also  been  fitted  up  on  deck,  so  that  the  captain 
by  glancing  at  the  position  of  the  bucket  frame  may  in  an  instant  tell 
at  what  depth  below  the  surfiice  of  the  water  the  points  of  the  buckets 
are  working.  The  greatest  depth  the  dredger  can  woric  at  is  about 
28  feet. 

The  forward  motion  for  the  cutting  of  the  buckets  is  given  by  the 
bow  chain  0,  Plates  49  and  50,  which  is  1  inch  diameter,  attached  to  a 
single-fluked  anchor  weighing  12  cwts.  placed  about  600  feet  ahead 
of  the  dredger  when  at  the  commencement  of  a  cut.  The  chain  is 
hauled  in  with  a  slow  motion  by  the  windlass  P,  driven  by  a  second 
small  shaft  from  the  engine  through  a  clutch  box  and  friction 
wheel,  and  having  a  set  of  change  wheels  for  the  purpose  of 
regulating  the  rate  of  advance  according  to  the  nature  of  the 
material  that  is  being  excavated.  This  rate  of  advance  varies 
frcon  about  4^  feet  per  minute  in  soft  sand  to  1^  feet  per  minute  in 
hard  material.  The  dredging  is  done  in  parallel  cuts  of  about 
120  feet  length.  A  corresponding  windlass  with  two  mooring 
chainB  R  at  the  stem  of  the  vessel  gives  the  means  of  drawing  back 
the  dredger  to  commence  a  second  line  of  excavation  parallel  to 
the  former  one ;  this  windlass  is  driven  by  a  small  high  pressure 
donkey  engine  with  a  pair  of  12  inch  cylinders,  the  dredging 
engine  and  machinery  standing  still  during  the  time  occupied  in 
going  astern,  which  is  about  15  minutes,  the  speed  being  about 
8  feet  per  minute.  The  two  side  warp  lines  S  S,  Fig.  2,  extending 
from,  each  side  of  the  dredger,  serve  to  steady  it  constantly  during 
the  progress  of  each  cut,  and  to  shift  its  position  into  the  new  line 
of  excavation ;  they  are  worked  by  the  surging  heads  T  T,  driven  by 
the  engine,  or  by  hand  power  when  required.  The  kedge  anchors 
for  these  side  warps  are  placed  forwards  of  the  dredger,  so  that  the 
wai^  lines  shall  be  somewhat  in  the  position  shown  in  the  plan, 
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Fig.  2,  when  the  dredger  is  at  the  commencement  of  a  cnt ;  the 
warps  are  also  passed  round  leading  blocks  when  required,  since 
it  is  desirable  they  should  be  as  nearly  at  right  angles  to  the 
dredger  as  possible.  The  two  warps  on  the  side  next  the  sailing 
channel  of  the  river  are  lowered  or  slacked  out  when  any  vessel  is 
passing,  but  are  immediately  tightened  up  again  when  the  vessel 
has  passed. 

This  dredger,  No.  6,  has  now  been  at  work  for  nine  years,  and 
has  not  required  any  repairs  excepting  for  the  wear  and  tear  of  the 
buckets,  links,  and  rollers,  and  the  usual  repairs  on  the  hull,  &c. 
The  upper  tumbler  however,  having  been  found  too  low  to  allow  of 
the  shoot  being  placed  at  a  sufficient  height  and  slope  for  loading 
the  large  screw  hopper  barges,  was  raised  2|  feet  higher.  The 
steeled  mouths  of  the  buckets  last  for  the  year's  work  of  about  nine 
months,  when  the  buckets  require  to  be  thoroughly  overhauled  and 
put  in  repair.  The  pins  and  links  of  the  bucket  chains  last  generally 
about  four  months,  and  are  replaced  from  time  to  time  as  required ; 
a  supply  of  duplicates  being  kept  ready  on  board  for  the  purpose. 
The  rollers  over  which  the  buckets  travel  in  ascending  the  dredging 
ladder  are  of  cast  iron,  1  inch  thick  in  the  barrel,  with  wrought 
iron  spindles,  having  If  inch  journals  laid  with  steel,  which  lasts 
about  three  months  before  being  worn  out ;  these  run  in  small  cast 
iron  steps  with  hard  wood  caps,  fixed  on  the  top  flange  of  the 
ladder,  which  are  readily  renewed  when  worn  out,  the  cast  iron 
bush  lasting  about  two  months,  and  the  wood  cap  about  nine 
months.  Each  bucket  weighs  5  J  cwts.,  and  the  total  weight  of  each 
set  of  buckets  and  links  is  about  7^  cwts.  The  cubic  content  of 
Bach  bucket  is  3f  cubic  feet,  and  the  average  quantity  of  material 
brought  up  by  each  when  working  in  sand  is  about  2  cubic  feet. 
The  number  of  buckets  discharged  per  minute  is  13  to  14  at  the 
regular  speed  of  about  6|  revolutions  per  minute  of  the  tumbler 
shafb. 

The  total  quantity  of  material  raised  per  day  of  10  working  hours 
varies  very  much  according  to  the  nature  of  the  material  dredged. 
Where  the  dredger  No.  6  is  at  present  working,  about  1 J  mile  below 
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the  river  Leven,  the  rate  of  working  is  150  tons  per  hour  of  the  engine ; 
while  in  hard  gronnd  the  quantity  may  perhaps  be  only  one  half  of 
this.  Taking  the  entire  work  performed  by  this  machine  during 
last  year,  namely  308,957  tons  in  2680  engine  hours,  the  average 
work  for  a  day  of  10  engine  hours  is  1134  tons,  or  113|  tons  per 
hour.  The  total  quantity  of  material  lifted  by  the  two  large 
dredging  machines  Nos.  1  and  6  during  the  year  ending  30th  June 
1864  amounts  to  386,752  cubic  yards,  of  which  about  250,000  cubic 
yards  may  be  considered  as  due  to  maintenance,  and  the  remainder 
to  the  permanent  widening  and  deepening  of  the  channel. 

The  cost  of  dredging  per  cubic  yard,  taking  the  year  ending 
30th  June  1863,  as  performed  by  No.  1  dredger,  was  as  follows,  the 
dredged  material  being  conveyed  away  by  the  punts : — 

Wages,  coals,  stores,  repairs,  and  5  per  cent,  interest    3*02  pence. 

Bepairs  of  pnnts 1*59      ,, 

Towing  punts  to  and  from  place  of  deposit ....    2*28      „ 
Discharging  pnnts  by  wagons 12*29      „ 

Total  cost  of  dredging  per  cubic  yard    .     .     .  19*18      „ 

The  cost  of  dredging  as  performed  by  No.  6  dredger  during 
the  same  period,  with  the  screw  hopper  barges  for  carrying  away 
the  material,  was  as  follows : — 

Wages,  coals,  stores,  repairs,  and  5  per  cent,  interest    406  pence. 
Discharging  by  hopper  barges —  "^ 

Wages,  coals,  stores,  repairs,  and  interest  i  '     *     *  *' 

Total  cost  of  dredging  per  cubic  yard  .  .  .  6*36  „ 
During  this  year  No.  6  dredger  was  working  near  the  two  extreme 
ends  of  the  river ;  and  as  during  one  half  of  the  time  it  was  attended 
by  only  two  hopper  barges  in  place  of  four,  for  discharging  the 
material,  much  time  was  necessarily  lost.  This  has  since  been 
rectified  by  the  construction  of  additional  barges. 

The  dredged  material  is  disposed  of  according  to  two  different 
modes.  That  fiUed  into  the  10  ton  punts  is  towed  down  to  some 
convenient  part  of  the  river,  and  discharged  by  barrows  or  wagons 
on  to  the  banks  or  fields  adjoining.    That  put  into  the  screw  hopper 
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barges,  shown  in  Plates  54  and  55,  is  carried  down  to  Loch  Long, 
beyond  the  month  of  the  Clyde,  and  deposited  by  opening  the  hopper 
doors  U  at  the  bottom  of  the  carrying  space  W,  as  shown  by  the 
dotted  lines  in  Plate  55.  At  the  place  where  the  deposit  is  made,  the 
water  is  npwards  of  200  feet  deep,  and  the  month  of  the  loch  is 
abont  27  miles  below  Glasgow ;  the  hopper  barges  at  present  at  work 
contain  each  300  tons  of  dredgings,  and  steam  from  8  to  9  miles  per 
honr.  This  latter  mode  is  by  far  the  most  economical  way  of 
disposing  of  the  dredged  material,  as  seen  by  the  above  statement 
of  the  cost  by  the  two  methods;  and  the  resnlt  has  been  so 
satisfoctory  that  two  additional  barges  are  now  being  constructed, 
each  to  be  capable  of  carrying  400  tons,  maldng  six  barges  in  all. 
Fig.  15,  Plate  55,  shows  the  hopper  barge  being  filled  by  the 
spent  V  from  the  dredger. 

In  conclnsion  it  may  be  mentioned  that  a  larger  and  more 
powerM  single  dredger,  shown  by  the  accompanying  model,  is  now 
being  constructed  for  the  Clyde  Trust  by  Messrs.  A.  and  J.  Liglis, 
of  Glasgow.  The  dimensions  of  this  dredger  will  be:  extreme 
length  157  feet,  extreme  breadth  29  feet,  depth  10  feet  9  inches, 
and  bucket  frame  capable  of  working  in  npwards  of  30  feet  depth 
of  water.  The  engine  will  be  horizontal,  with  cyHnder  44  inches 
diameter  and  adapted  for  a  3  feet  stroke :  the  boiler  will  be  tubnlar 
and  capable  of  working  to  25  lbs.  pressure  per  sqnare  inch  above  the 
atmosphere.  The  buckets  will  be  39  in  number,  dischargiog  over 
the  side ;  the  pitch  of  the  bucket  chain  will  be  30  inches,  and  each 
bucket  when  quite  frill  will  contain  13^  cubic  feet.  The  flat  bucket 
back  with  the  double  links  will  be  made  of  malleable  cast  iron  with 
the  linkfl  cast  soUd  upon  it :  this  construction  has  been  found  to  last 
without  requiring  repair  for  more  than  double  the  time  of  the 
ordinary  backs  with  rivetted  links,  shown  in  Plate  53.  The  bucket 
rollers  will  not  require  spindles,  as  they  will  have  necks  cast  on  the 
ends  of  the  rollers,  which  will  answer  for  the  spindles.  The  lower 
tumbler  shaft  will  be  of  wrought  iron  having  strong  rings  or  hoops 
at  the  journals,  so  that  when  worn  the  hoops  can  be  easily  removed 
and  replaced.  The  only  other  difference  of  any  consequence  from 
the  present  dredgers  will  be  in  using  grooved  frictional  gearing  for 
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driying  the  hoistiiig  barrel  that  lifts  the  dredging  ladder,  instead 
of  spnr  gearing  with  a  friction  wheel  as  previously  described.  The 
total  cost  of  the  dredger  will  be  about  £17,000,  and  it  is  expected 
to  be  ready  early  in  March  next. 


Specimens  were  exhibited  of  the  dredger  buckets  and  links, 
and  the  bucket  rollers  and  bearings,  &c.,  both  new  and  worn  out, 
together  with  samples  of  the  material  raised  in  dredging ;  and  also 
models  of  the  dredger  and  of  the  screw  hopper  barge. 

Mr.  W.  Simons  said  he  had  built  the  screw  hopper  barges  that 
were  used  in  connection  with  the  Clyde  dredgers,  and  it  was  only 
within  the  last  two  years  that  they  had  been  adopted:  previously 
360  of  the  square  punts  had  been  required  to  carry  away  the 
dredged  material,  but  four  of  the  barges  now  did  the  work  of  the 
120  punts  formerly  attending  one  dredger.  Each  barge  carried 
300  tons,  and  was  120  feet  long,  24  feet  beam,  and  drew  8|  feet  of 
water  when  loaded ;  the  engine  was  40  horse  power  with  21  inches 
stroke,  driving  a  screw  7  feet  diameter,  and  the  speed  was  the  same 
whether  loaded  or  empty,  amounting  to  9  miles  per  hour.  The 
Clyde  trustees  contemplated  abolishing  the  old  punts  altogether  and 
employing  only  the  screw  hopper  barges  for  removing  the  material 
dredged.  The  barges  were  loaded  in  about  70  minutes,  and  ran  down 
the  river  and  up  Loch  Long  to  a  distance  of  about  60  miles  from 
Glasgow,  where  the  whole  of  the  dredged  material  was  discharged 
through  the  flap  doors  in  the  bottom.  HydrauHc  gearing  was  used  to 
close  and  open  the  bottom  flap  doors  in  two  of  the  barges,  and  in  the 
others  a  common  windlass  had  been  applied,  which  had  been  found  to 
work  better.  The  total  expenses  of  working  the  dredgers  and  barges 
were  about  £2  bs.  per  day,  including  wages,  fuel,  oil,  and  tallow ; 
and  the  result  of  employing  the  screw  hopper  barges  had  been  to 
reduce  the  cost  of  dredging  from  about  Is.  per  ton  of  material 
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when  the  pnnts  were  used  to  only  id.  per  ton  with  the  barges, 
making  a  saving  of  between  £19,000  and  £20,000  per  aminm. 

By  this  system  of  dredging  it  might  indeed  be  possible,  he 
thought,  to  form  an  inland  town  into  a  seaport,  such  as  Preston, 
Lancaster,  Manchester,  or  Paris,  where  there  was  already  an  outlet 
into  the  sea  for  carrying  away  the  dredged  material ;  all  that  was 
required  would  be  dredgers  and  barges  of  sufficient  power  and 
capaciiy  for  the  quantity  of  work  to  be  done,  since  the  double 
dredgers  now  at  work  in  the  Clyde  raised  each  about  1100  tons  per 
day  in  regular  continuous  work,  as  stated  in  the  paper.  About  the 
year  1800,  when  the  depth  of  the  river  at  Glasgow  was  only  about 
3  feet  at  high  water,  the  annual  revenue  from  ships  coming  up  the 
Clyde  was  only  £3320;  but  in  1825,  when  the  river  had  been 
deepened  by  dredgiog  to  12  feet,  allowing  vessels  of  300  tons 
burthen  to  come  up,  the  revenue  had  increased  to  £9000;  while 
in  1863,  with  the  depth  increased  to  22. feet  at  high  water,  the 
revenue  amounted  to  £118,000,  and  the  river  was  deep  enough 
to  float  the  "Black  Prince"  armour-plated  frigate  of  6000  tons 
burthen,  built  by  the  President,  the  largest  ship  that  had  yet  been 
launched  in  the  Clyde. 

The  President  enquired  how  long  it  took  to  discharge  the 
hopper  barges  through  the  bottom  flap  doors,  and  how  the  doors 
were  arranged  to  be  opened. 

Mr.  W.  Simons  replied  that  only  4  or  5  minutes  were  required 
to  discharge  the  whole  300  or  320  tons  of  material  carried  by  the 
hopper  barge.  There  were  twelve  doors  or  six  pair  at  the  bottom, 
hinged  to  the  iron  hopper,  and  lined  inside  with  timber ;  and  the 
doors  were  let  down  for  discharging  by  releasing  the  chains  that 
held  them  up  while  the  hopper  was  full.  The  chains  passed  over 
pulleys  in  the  longitudinal  iron  girder  which  extended  over  the 
hopper  from  end  to  end. 

The  President  enquired  what  part  of  Loch  Long  the  material 
was  deposited  in. 

Mr.  W.  Simons  said  the  barges  were  not  confined  to  Loch  Long 
in  particular  for  depositing  the  material,  but  might  go  to  a  greater 
distance  from  Glasgow  if  necessary.     Loch  Long  had  been  chosen 
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because  it  was  tlie  deepest  part  of  the  cliaimel  near  Glasgow,  the 
depth  being  about  200  feet  over  a  considerable  portion  of  the  loch, 
and  the  material  conld  be  deposited  at  any  part  of  the  loch. 

Mr.  "W.  B.  Newton  remarked  that  a  dredging  machine  on  a 

different  principle  had  been  used  very  snccessftdly  in  different  parts 

of  the  United  States  for  many  years,  consisting  of  a  large  bucket 

fixed  at  the  end  of  a  long  lever  worked  by  chains ;  the  bucket  was 

lowered  and  dragged  along  the  river  bottom  to  fill  it,  and  was  then 

lifted  by  the  lever,  and  swung  round  horizontally  to  the  required 

position  for  discharging  the  stuff,  which  was  let  fall  through  a  door 

in  the  bottom  of  the  bucket  into  the  barge  beneath.     The  bucket 

raised  about  26  cubic  feet^  of  soil  at  each  stroke  on  an  average. 

That  appeared  to  him  a  simpler  contrivance  than  the  dredging 

machines  ordinarily  used  in  this  country,  such  as  those  described  in 

the  present  paper;  it  was  at  any  rate  much  less  expensive,  and 

allowed  of  swinging  the  bucket  round  into  any  position  required  for 

discharging  into  the  barge,  whereas  with  the  ordinary  dredging 

machines  the  barge  had  to  be  brought  to  a  particular  place  for 

receiving  the  stuff  from  the  spout  of  the  dredger.     The  gearing  for 

working    the    lever    was   driven  by  a  self-acting  friction  clutch 

somewhat  similar  to  that  described  in  the  paper,  except  that  in 

the  American  machine  the  inner  or  driving  pulley  was  surrounded 

by  a  bridle  provided  with  friction  blocks,  which  were  tightened 

against  the  pulley  when  running  forwards,  but  slackened  in  running 

backwards ;  so  that  the  clutch  simply  held  on  in  working,  and  was 

not  limited  to  slip  when  the  resistance  exceeded  a  certain  amount, 

but  would  transmit  the  whole  power  of  the  driving  machinery,  its 

only  purpose  being  to  avoid  breakage  from  sudden  jerks  and  to 

release  itself  for  running  backwards.     He  had  seen  a  machine 

on  that  principle,   known  as   the   "American    excavator,"  used 

experimentally  some  years  ago  on  the  Eastern  Counties  Railway 

in  the  neighbourhood  of  Brentwood,    for   excavating  a  cutting, 

and  all  the  gearing  in    it   was   worked   with    friction   clutches 

of  the  same  kind.     That  description  of  clutch  was  indeed  much 

used  in  America  for  all  sorts  of  machinery,  and  was  found  very 

economical  and  effective  in  preventing  breakages,  by  allowing  the 
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gearing  to  yield  under  any  nndne  stiuin.  He  liad  never  known  it 
fidl  in  transmitting  the  full  driving  power,  and  thought  it  would 
have  some  advantage  over  the  friction  wheel  described  in  the 
paper. 

Mr.  H.  Maudslat  enquired  whether  the  friction  wheel  in  the 
dredger  described  in  the  paper  was  found  effectual  in  work,  by 
always  slipping  whenever  the  buckets  came  into  too  hard  ground 
or  took  too  deep  a  scoop  into  the  soil,  or  met  with  iwiy  other 
obstruction. 

The  Segbbtabt  said  he  had  seen  the  dredger  at  work  in  the 
Clyde,  and  the  friction  wheel  was  found  to  answer  its  purpose 
thoroughly.  The  screws  of  the  friction  blocks  were  adjusted 
originally  to  the  pressure  required  for  the  ordinary  working,  and 
then  continued  unaltered,  without  requiring  any  further  attention 
in  working.  He  had  seen  the  bucket  frame  lowered  slightly  below 
the  proper  working  position,  causing  the  buckets  to  bite  gradually 
deeper  in  the  bed  of  the  river,  until  the  resistance  was  just  sufficient 
to  overcome  the  friction  of  the  blocks,  when  the  buckets  stopped 
while  the  driving  pulley  or  ring  continued  to  revolve  outside  the 
friction  wheel ;  but  on  slowly  raising  the  bucket  frame  again,  the 
friction  wheel  gradually  started  again  as  the  resistance  diminished, 
and  the  whole  worked  with  complete  smoothness  and  readiness. 
The  engineer  working  the  dredger  stated  that  the  friction  wheel 
had  given  no  trouble,  and  there  had  not  been  any  difficulty  in 
keeping  it  adjusted  exactly  to  the  point  desired  for  working.  The 
same  kind  of  friction  clutch  was  also  appHed  to  the  lifting  gearing 
by  which  the  end  of  the  bucket  frame  was  raised  and  lowered ;  so 
that  all  portions  of  the  machinery  were  started  and  stopped  quite 
gradually,  the  friction  gear  being  continually  called  into  action  to 
meet  the  irregularities  in  the  level  and  material  of  the  bed  of  the 
river  and  prevent  any  straining  of  the  machinery. 

Mr.  J.  Shepherd  asked  whether  the  material  raised  by  the 
dredgers  was  used  for  agricultural  purposes,  as  a  manure,  and 
whether  it  had  any  commercial  value  for  such  purposes,  since  it 
appeared  the  sewage  of  Glasgow  was  all  discharged  into  the  Clyde 
and  would  therefore  be  deposited  in  the  bed  of  the  river. 


l^e  PiSKSXiXBiii?  replied  tliat  the  qxiaiit%  of  sewage  matter 
d^sit0d  in  tlue.  river  bed  formed  so  very  small  a  proportion  of  the 
(ff^ia^iiy  of  ix^aiterial  raised  by  the  dredgers,  that  it  had  never  been 
^Q¥g^^  ^  ^Ply  it  as  a  manure,  and  it  had  no  commercial  value 
f^r  such  a  piupose. 

In  paferen^Q  to  the  American  dredger  that  had  been  referred  to, 
sk  S^n^wh^  simil^  apparati:^  was  occasionaliy  used  on  the  Clyde 
a^-^ptosent  tio^e  i^  ^^dgii^  alongside  the  wharfs  in  the  harbour, 
(ymafetfBg  of  ^  rake  pr  plough  fixed  on  the  end  of  a  long  pole,  which 
W^y  woark^  &oin  the  ban}s  by  a  nu^iber  of  men,  or  from  a  punt  on 
Ijie  live^f  and  was  n^ved  along  the  edge  of  the  wharfs  &r  clearing 
out  the  material  from  the  face  of  the  quay  and  removing  it  within 
if^H^  of  the  dredger,  in  oases  whp^e  the  dredger  could  not  be 
conveniently  worked  close  alongside. 

Mr.  J.  J.  BiBCKBL  observed  that  the  depth  of  13  feet  at  low  water 
in  the  Clyde  at  Glasgow  and  22  feet  at  high  water  would  give  a 
tidal  fell  of  only  9  feet ;  and  he  enquired  whether  that  was  the 
actual  tidal  fell  at  Glasgow,  since  at  Liverpool,  on  the  same  coast, 
the  tidal  fall  was  as  much  as  32  feet.  He  asked  also  whether  there 
was  not  a  risk  of  some  portion  of  the  material  deposited  in  Loch  Long 
being  brought  back  into  the  river  by  the  tides,  as  the  loch  was  so 
close  to  the  mouth  of  the  Clyde :  in  the  case  of  the  Mersey  no 
deposit  was  allowed  to  be  made  at  any  part  of  the  approaches  to  the 
river,  for  fear  of  interfering  with  the  channel. 

The  President  explained  that  there  were  so  many  arms  of  the 
sea  to  fill  near  the  mouth  of  the  Clyde,  and  so  many  bends  in  the 
river  itself' that  the  tidal  wave  did  not  come  up  to  Glasgow  in  the 
same  quantity  as  in  the  Mersey ;  and  the  rise  and  fell  at  Glasgow 
averaged  therefore  from  7  to  9  feet  only,  very  seldom  more.  Loch 
Long  was  a  blind  arm  of  the  sea,  with  no  outlet  at  the  ftirther  end,  and 
no  navigation  through  it,  and  there  was  very  little  tide  in  it :  and 
as  it  was  about  200  feet  deep  where  the  barges  were  discharged, 
there  did  not  appear  any  probability  of  any  portion  of  the  deposit 
being  carried  back  by  the  tide. 

From  the  paper  that  had  been  read  it  was  obvious  that  the 
dredging  machines  employed  in  the  Clyde  had  been  productive  of 
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very  remarkable  adyantages  to  Glasgow.  From  a  depth  of  water 
of  only  about  3  feet  at  the  begimung  of  the  present  centtuy,  the 
river  bed  had  now  been  deepened  to  about  22  feet  at  Qlasgow  at 
high  water  within  the  space  of  about  63  years.  But  it  was  since  the 
introduction  of  steam  navigation  into  the  Clyde  that  the  greatest 
part  of  this  improvement  had  taken  place.  The  steam  tugs  drawing 
vessels  up  and  down  the  river  first  led  to  the  rapid  deepening  of  the 
bed  by  dredging ;  and  then  the  increase  of  revenue  arising  &om  the 
larger  burthen  of  the  vessels  trading  to  Qlasgow  afforded  the  means 
of  increased  expenditure  upon  the  dredging  operations :  thus  both 
the  depth  of  the  river  and  the  advantages  to  the  city  went  on 
increasing  simultaneously. 

He  moved  a  vote  of  thanks  to  Mr.  Duncan  for  his  paper,  which 
was  passed. 


The  following  paper  was  then  read: — 
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ON  THE  WORKING  AND  CAPACITY 
OF  BLAST  FURNACES. 


By  Me.  CHABLES  COCHRANE,  of  DuDtBT. 


At  a  former  meeting  of  this  Institution  in  1860  the  writer  read 
a  paper  on  a  method  of  taking  off  the  gas  from  a  close-topped 
blast  ftimace  at  the  Ormesby  Iron  Works,  Middlesbrough  (see 
Proceedings  Inst.  M.  E.,  1860,  page  121)  ;  and  the  original 
construction  of  closed  top  and  lifting  valve  for  charging  is  shown 
in  the  accompanying  Fig.  1,  Plate  66,  the  materials  for  the  charges 
being  filled  into  the  exterior  space  B  surrounding  the  charging 
valve  A,  which  is  drawn  up  into  the  position  shown  by  the  dotted 
lines  for  allowing  the  materials  to  fall  into  the  ftimace ;  while  the 
gas  is  taken  off  ^m  the  ftimace  top  by  the  passage  E. 

The  usual  plan  of  closed  top  adopted  in  blast  ftimaces  is  that 
represented  in  Fig.  3,  Plate  68,  in  which  it  will  be  seen  that  the 
materials  are  filled  in  against  a  lowering  cone  C,  placed  in  the  throat 
of  the  furnace,  which  on  being  lowered  into  the  position  shown 
dotted  permits  their  fall  into  the  ftimace.  The  tendency  of  the 
material  in  this  case  is  to  roll  outwards  fi'om  the  charging  cone 
to  the  side  of  the  ftimace,  and  thence  back  again  to  the  centre, 
as  shown  in  the  drawing. 

It  was  thou^t  at  the  time  of  adopting  the  plan  shown  in  Fig.  1, 
Plate  56,  that  the  height  of  the  materials  carried  by  the  same 
furnace  would  be  increased,  and  that  a  corresponding  economy  in 
consumption  of  ftiel  would  result,  owing  to  the  circumstance 
that  where  the  plan  shown  in  Fig.  3  is  adopted  the  level  of  the 
materials  must  always  be  maintained  at  a  certain  distance  below 
the  top,  to  ensure  the  fall  of  the  cone  C  at  charging  time.  The  plan 
shown  in  Fig.  1  was  devised  with  due  regard,  as  it  was  thought, 
to  the  arrangement  of  the  materials  in  the  furnace ;  and  it  was 
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intended  tliat  they  shonld  arrange  themselves  as  shown  by  the 
dotted  line  in  that  drawing,  part  of  the  larger  material  rolling  to 
the  outside  of  the  ftimace  and  part  to  the  centre. 

As  long  as  the  furnace  could  be  kept  so  fall  as  to  ensure  the 
arrangement  of  materials  shown  by  the  dotted  line  in  Fig.  1,  there 
was  no  reason  that  it  should  not  work  uniformly ;  but  the  practical 
result  was  that  it  was  found  impossible  to  keep  the  ftimace  sufficiently 
ftill  to  secure  the  distribution  of  the  materials  in  the  manner  intended. 
The  level  of  the  surface  of  the  materials  was  generally  below  that 
intended,  the  consequence  of  which  was  that  the  material  on  idling 
into  the  ftimace  was  shot  into  the  centre,  fi*om  whence  the  largest 
pieces  rolled  outwards,  and  the  whole  charge  arranged  itself 
as  shown  by  the  full  line  in  Fig.  1.  The  result  of  this  was 
irregular  working  of  the  furnace  over  a  period  of  many  months, 
during  which  an  explanation  of  the  irregularity  was  in  vaui 
sought  for.  At  one  time  it  was  thought  the  back  pressure  of 
the  escaping  gas  had  something  to  do  with  the  irregularity; 
at  another  the  cause  was  sought  for  in  the  difficulty  of  keeping 
the  hopper  valve  A  of  the  fomace  tight,  and  the  necessity 
for  using  small  material  around  the  valve  as  a  kind  of  lute 
between  every  charge  to  prevent  the  escape  of  the  gas:  until 
it  occurred  to  the  writer  that  the  arrangement  of  the  materials  in 
the  ftimace  was  the  sole  explanation  of  the  difficulty,  and  that  as 
all  the  material  was  shot  into  the  centre  of  the  ftimace  the  small 
pieces  would  remain  there  whilst  the  large  would  roll  to  the 
outside.  BeUeving  that  it  was  of  great  importance,  in  order  to 
secure  uniform  results,  that  there  should  be  a  uniform  distribution 
of  the  heated  gas  firom  the  hearth  over  the  entire  horizontal  area 
of  the  ftimace  at  each  stage  of  its  height,  he  considered  that  the 
effect  of  any  small  material  being  collected  in  any  portion  of  the 
area  would  be  to  obstruct  the  passage  of  the  gas  at  that  part,  and 
BO  prevent  that  portion  of  the  material  from  being  heated  to  its 
proper  degree  of  temperature. 

Deeming  this  to  be  the  explanation  of  the  irregularities 
experienced  in  the  working  of  the  furnace,  the  writer  devised  a 
method  of  distributing  the  material  so  as  to  prevent  such  a  result, 
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by  the  introduction  of  a  frustum  of  a  cone  D,  Fig.  2,  Plate  57, 
suspended  inside  the  throat  of  the  ftimace,  which  was  found  to  be 
all  that  was  necessary.  The  materials  then  arranged  themselves  in 
the  desired  manner,  as  shown  in  the  drawing ;  and  the  result  has 
since  been  a  perfect  uniformity  in  the  working  of  the  furnace. 
Where  previously  a  yield  of  foundry  iron  from  the  same  famace 
could  not  be  reHed  upon  for  more  than  about  24  hours  at  a  time, 
and  the  annoyance  was  incurred  of  the  furnace  suddenly  changing 
to  white  iron,  the  production  of  white  iron  except  when  desired 
is  now  unknown.  A  consideration  of  these  facts  will  lead  to  a  fair 
estimate  of  the  importance  of  the  arrangement  of  the  materials  in 
a  blast  furnace.  Anything  that  opposes  the  free  passage  of  the 
ascending  heated  gas  at  any  part  of  the  furnace  must  direct  the  gas 
into  another  channel,  and  the  material  thus  left  insufficiently  acted 
upon  finds  its  way  into  the  hearth  at  a  low  temperature,  and  white 
iron  is  the  result. 

The  effect  produced  on  the  distribution  of  material  by  this 
internal  frustum  of  a  cone  is  obviously  similar  to  that  of  the 
ordinary  lowering  cone  when  lowered,  shown  in  Fig.  3,  Plate  58; 
and  the  latter  has  now  consequently  been  finally  adopted  at  the 
Ormesby  Iron  Works  as  the  permanent  form  of  the  arrangement, 
and  is  now  being  carried  out  there. 

The  most  perfect  action  of  a  blast  ftimace  the  writer  conceives 
to  consist  in  the  development  of  the  highest  temperature  needed  for 
the  production  of  the  required  quahty  of  iron,  in  a  layer  or  stratum 
as  little  removed  from  the  tuyeres  as  possible;  and  the  gradual 
absorption  of  the  heat  from  the  ascending  gas  by  the  materials 
through  which  it  passes,  until  it  leaves  the  throat  of  the  furnace  at 
the  lowest  possible  temperature.  Anything  which  tends  to  cause  a 
more  perfect  absorption  of  the  heat  developed  in  the  hearth,  or  to 
lower  the  level  of  the  region  of  highest  temperature  in  the  ftimace, 
will  thus  be  beneficial. 

With  regard  to  the  absorption  of  the  heat  from  the  gas,  it  is 
obvious  that  the  hotter  the  temperature  at  which  the  gas  escapes, 
the  more  wastefiil  must  be  the  effect ;  and  theoretically  the  height 
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of  a  j^mace  slionld  be  increased  until  the  temperature  of  the 
escaping  gas  is  reduced  to  that  of  the  materials  on  their  introduction 
into  the  furnace  top.  This  is  the  theoretical  limit  to  the  height  of 
a  blast  furnace:  but  it  must  not  be  forgotten  that  the  less  the 
difference  in  temperature  between  two  bodies,  the  less  rapid  is  the 
communication  of  heat  fix)m  the  hotter  to  the  cooler ;  hence  for  the 
absorption  of  the  last  few  degrees  of  temperature  from  the  ascending 
gas  a  much  greater  height  of  material  is  necessary  than  where  the 
gas  and  the  material  differ  more  widely  in  temperature.  Aheady 
with  60  to  60  feet  height  of  blast  fdmace  in  the  Middlesbrough 
district  the  temperature  of  the  escaping  gas  does  not  exceed 
500°  to  600°  Fahr. ;  and  it  is  a  question  to  be  answered  only  by 
experiment  how  far  the  gain  from  the  heights  of  70  to  75  feet 
already  accomplished  at  Middlesbrough,  and  ftirther  heights  of 
10  or  20  feet  additional  that  are  contemplated,  will  compensate  for 
the  extra  work  in  raising  the  materials  to  the  additional  height  and 
for  the  more  substantial  plant  required.  In  the  direction  of  height 
there  is  unquestionably  on  this  account  a  limit  which  will  speedily 
be  attained ;  supposing  the  limit  be  not  previously  determined  by 
the  necessity  for  increased  pressure  of  blast  and  by  the  increased 
difficulty  in  working  the  frimaces. 

As  regards  the  benefit  produced  in  the  working  of  a  ftimace  by 
lowering  the  level  of  the  region  of  highest  temperature,  it  is  evident 
that  this  benefit  is  of  the  same  nature  as  in  the  previous  case,  since 
the  lowering  of  that  level  is  equivalent  to  an  increase  in  the  height 
of  the  furnace.  The  level  of  the  region  of  highest  temperature  is 
dependent  upon  the  heat  of  the  blast,  and  is  brought  down  nearer 
to  the  tuyeres  only  by  using  a  hotter  blast:  and  in  the  writer's 
opinion  the  chief  source  of  economy  yet  to  be  attained  in  the  working 
of  blast  furnaces,  independent  of  the  more  extended  application  of 
the  waste  gas,  Hes  in  the  use  of  blast  heated  to  a  still  higher 
temperature  than  that  hitherto  known.  The  yield  of  iron  from 
any  ironstone  is  governed  by  the  percentage  of  iron  it  contains, 
and  the  consumption  of  limestone  by  the  nature  of  the  ironstone : 
and  both  these  are  therefore  fixed  quantities  for  the  special 
materials  employed.    But  that  is  not  the  case  with  the  coke,  which 
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offers  a  fruitful  source  of  saving ;  and  in  what  way  therefore  this 
saving  is  effected  by  increased  temperature  of  the  blast  becomes  a 
most  important  question,  involving  as  it  does  the  general  theory  of 
liot  blast. 

It  appears  to  the  writer  that  in  order  to  explain  the  effect  of  the 
liot  blast  it  is  necessary  to  regard  the  nitrogen  of  the  atmosphere 
a,nd  the  generated  carbonic  oxide  as  the  great  heat  "  carriers  "  in 
the  operations  of  the  blast  fdrnace.  This  consideration  involves 
two  others :  namely  the  time  required  for  heating  the  nitrogen  from 
its  initial  temperature  at  entering  the  fiimace  up  to  that  needed  for 
tbe  fusion  of  the  materials  in  the  furnace  ;  and  also  the  method  by 
-which  the  gases  are  heated.  Taking  it  for  granted  that  the  colder 
and  consequently  the  denser  pure  oxygen  is  the  more  intense  is  the 
combustion  of  any  body  burning  in  it,  there  is  evidently  no  necessity 
for  heating  this  constituent  of  the  atmosphere.  It  is  ftirther  obvious 
that  supposing  3000°  Fahr.  be  the  temperature  required  for  the 
fusion  of  the  materials  on  their  reaching  the  hearth,  then  every 
pound  of  the  nitrogen  introduced  by  the  blast  must  be  raised  to 
that  temperature  before  the  fasion  can  take  place. 

Now  in  a  cold-blast  furnace  the  nitrogen  is  introduced  at  the 
lowest  temperature,  and  requires  necessarily  the  longest  time  for 
being  raised  to  the  requisite  temperature :  hence  the  maximum 
temperature  in  the  fiimace  is  produced  at  a  higher  level,  and 
diffused  over  a  larger  portion  of  the  furnace  where  it  is  not  wanted ; 
and  it  is  consequently  impossible  in  some  cases  ever  to  get  the 
temperature  sufficiently  high  at  any  part  of  the  furnace  to  produce 
more  than  the  qualities  of  iron  known  as  forge  iron.  In  proof  of 
this  may  be  mentioned  an  attempt  made  some  years  ago  at  the 
Ormesby  Iron  Works,  Middlesbrough,  to  produce  cold-blast  iron 
of  a  gray  or  foundry  quality.  It  was  in  vain  however  that  the 
burden  of  ironstone  was  reduced,  that  is  the  proportion  of  coke 
increased :  th^  temperature  of  the  hearth  could  not  be  sufficiently 
raised  to  produce  any  other  quality  than  forge  iron,  the  effect  of 
the  reduced  burden  being  only  to  throw  an  increased  temperature 
into  higher  regions  of  the  furnace.     The  attempt  was  consequently 
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abandoned;  not  however  until  it  became  obvious  that  the  burden 
might  have  been  still  farther  diminished  with  only  the  effect  of 
diffusing  the  hottest  teprnperature  into  still  higher  regions  of  the 
furnace. 

Whatever  heat  is  imparted  to  the  nitrogen  of  the  atmosphere 
and  also  to  the  carbonic  oxide  generated  in  the  fdrnace  is  of  course 
delivered  up  again  to  the  materials  in  the  ftimace,  excepting  only 
the  portion  lost  by  the  temperature  at  which  the  gas  escapes  at 
the  throat  of  the  furnace.  The  effect  of  heating  the  nitrogen  before 
its  entrance  into  the  furnace  now  becomes  more  clear.  It  has  a 
shorter  distance  to  travel  up  within  the  furnace  before  the  Tnaxinium 
temperature  is  attained,  for  the  simple  reason  that,  having  been 
partly  heated  already,  it  requires  less  time  to  become  ftirther  heated 
to  the  temperature  required  in  the  furnace,  having  got  the  start 
by  the  amount  of  its  initial  temperature.  Hence  the  fnsing  heat 
is  generated  nearer  to  the  tuyeres ;  and  this  circumstance,  together 
with  the  smaller  expansion  of  hot  blast  compared  with  cold  blast  on 
entering  the  furnace,  seems  to  furnish  a  satisfactory  explanation 
of  the  more  immediate  effect  of  heated  air  in  preventing  difiusion 
within  the  furnace  of  the  region  of  highest  temperature. 

As  to  the  method  of  heating  the  nitrogen,  it  must  be  borne  in 
mind  that  the  heat  generated  in  a  blast  furnace  is  obtained  whoUj 
or  nearly  so  by  the  imperfect  combustion  of  the  carbon  of  the  coke 
into  carbonic  oxide  as  the  final  result,  a  process  by  which 
theoretically  only  about  one  fourth  the  total  quantity  of  heat  is 
developed  that  would  be  obtained  by  the  perfect  combustion  of  the 
same  carbon  into  carbonic  acid,  showing  a  loss  in  the  fuel  of 
about  76  per  cent,  of  heat ;  since  1  lb.  of  carbon  burnt  into 
carbonic  oxide  developes  only  2880  units  of  heat,  whilst  1  lb.  of 
carbon  burnt  into  carbonic  acid  developes  about  11700  units  of  heat. 
For  although  the  combustion  of  the  carbon  of  the  coke  in  the  blast 
furnace  is  partially  or  wholly  into  carbonic  acid  so  long  as  the 
supply  of  oxygen  is  in  excess,  this  condition  appl^  only  to  the 
lower  portion  of  the  ftimace  nearest  the  tuyeres ;  and  this  carbonic 
acid  becomes  ultimately  reduced  to  carbonic  oxide  by  passing 
through  the  excess  of  carbon  in  the  mass  of  incandescent  coke 
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occnpying  the  tipper  portion  of  the  ftimace.  If  therefore  the 
nitrogen  be  heated  partially  or  wholly  before  entering  the  ftimace, 
by  any  means  involving  the  perfect  combnstion  of  the  ftiel 
employed  into  carbonic  acid,  it  follows  that  a  large  saving  in 
ftiel  mnst  necessarily  result;  and  to  give  an  idea  of  the  real 
influence  of  the  nitrogen  of  the  atmosphere  on  the  consumption 
of  ftiel  in  the  blast  furnace,  the  writer  has  endeavoured  to  express 
numerically  the  effects  produced  by  taking  three  different  cases  of 
the  blast  entering  the  fdmace  at  the  various  temperatures  of 
50^,  650°,  and  1150°  Fahr.  respectively.  It  is  assumed  that  the 
air  has  to  be  heated  within  the  furnace  to  3000°  Fahr.  in  each  case ; 
that  1  lb.  of  carbon  burnt  into  carbonic  oxide  will  develope  2880 
units  of  heat,  that  is,  will  raise  2880  lbs.  of  water  through  1°  Fahr. ; 
and  that  the  specific  heat  of  air  is  '275,  compared  with  that  of 
water  as  I'OOO.  It  is  ftirther  assumed  that  4500  cubic  feet  of 
blast  enter  the  ftimace  per  minute  ;  and  as  1000  cubic  feet  w,eigh 
76  lbs.,  the  weight  of  blast  entering  the  famace  per  minute  will  be 
342  lbs.,  77  per  cent,  of  which  or  263  lbs.  weight  is  nitrogen. 

In  the  three  cases  cited  it  will  be  seen  that  the  work  to  be 
done  within  the  ftimace  is  to  raise  the  temperature  of  the  air 
through 

2950''  in  the  first  case, 

2350°  in  the  second, 

1850°  in  the  third. 

In  the  first  case,  namely  to  heat  263  lbs.  of  nitrogen  through 
2960°,  there  will  be  required 

263  X  2950  X -275    ^.,^^^ 

oQQo ~ '^  ^"^'  ^'  carbon  per  mmnte. 

In  the  second  case,  namely  to  heat  263  lbs.  of  nitrogen  through 
2350°,  there  will  be  required 

263x2350x275     .q,,       -      , 

^^^^ =  59  lbs.  of  carbon  per  mmnte. 

In  the  third  case,  namely  to  heat  263  lbs.  of  nitrogen  through 
1850°,  there  wiU  be  required 
263  X  1850  X  -276 


2880 


=46  lbs.  of  carbon  per  minnte. 
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These  resnlts  sbow  tliat  to  raise  tbe  temperature  of  the  blast 
from  50®  to  650°  before  it  enters  the  fnmace  causes  a  saving  in  the 
blast  ftimace  of  15  lbs.  of  coke  out  of  74,  or  about  20  per  cent. ; 
and  that  a  further  increase  of  temperature  from  650®  to  1150® 
occasions  a  saving  of  13  lbs.  out  of  59,  or  about  22  per  cent.  To 
show  that  these  calculations  are  not  so  merely  theoretical  as  might 
at  first  be  supposed,  it  may  be  here  stated  that  in  the  writer's 
experience  the  raising  of  the  temperature  of  the  blast  fit)m  650® 
to  1150®  at  the  Ormesby  Iron  Works  has  accomplished  an  actual 
saving  of  from  17  to  18  per  cent,  of  coke  in  the  blast  Aimace ;  and 
this  was  effected  at  an  expense  of  coal  outside  the  ftimace  of 
about  one  half  the  weight  of  coke  saved  within  the  furnace.  The 
writer  believes  however  that,  were  it  in  his  power  to  compare 
two  exactly  similar  systems  of  hot-air  stoves,  the  additional  ftiel 
consumed  outside  the  fdmace  would  approximate  more  nearly 
to  one  third  of  the  weight  saved  inside  the  ftimace  than  to  one 
half.  But  the  difficulty  of  having  to  compare  the  ordinary  cast 
iron  stoves  with  the  regenerative  hot-blast  stoves,  by  which  the 
highest  named  temperature  of  1150®  is  attained,  is  too  great  to 
allow  of  the  comparison  being  made  more  precisely. 

In  the  cold-blast  ftimace  the  method  of  heating  the  air  is  simply 
by  its  direct  contact  with  the  heated  material  and  incandescent  coke, 
and  it  is  heated  altogether  at  the  expense  of  carbon  burnt  only  into 
carbonic  oxide  instead  of  into  carbonic  acid.  In  the  hot-blast 
ftimace,  by  the  more  complete  combustion  of  the  heating  ftiel  in  the 
hot-blast  stoves,  exterior  to  the  ftimace,  the  nitrogen  is  heated 
not  only  at  a  cost  of  ftiel  represented  by  a  saving  of  theoretically 
three  fourths  in  the  actual  weight  of  coke  required  within  the 
furnace  to  raise  the  nitrogen  to  the  same  temperature,  but  also 
with  the  further,  advantage  that  instead  of  burning  coke  it  is 
coal  that  is  used  for  the  purpose.  In  other  words,  for  eveiy 
pound  of  coal  economically  burnt  outside  the  furnace  in  raising  the 
temperature  of  the  blast,  three  pounds  of  coke  will  be  saved  within 
the  ftimace,  whether  the  ftimace  be  open  or  closed  at  the  top. 

It  may  be  thought  that  a  comparison  made  between  an  open- 
topped  ftimace  where  the  gos  bums  freely  as  it  escapes,  and  a 
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dose-topped  ^imace  where  no  such  combostioii  takes  place,  id  not 
a  fair  one ;  and  that  the  combustion  of  the  gas  at  the  throat  of  the 
open-topped  j^imace,  bj  imparting  heat  to  the  materials  at  the 
throat  of  the  fdmaoe,  wonld  tell  in  favour  of  the  consumption  of 
ftiel  in  the  open-topped  fnmace.  But  facts  speak  otherwise,  and  it 
appears  that  there  is  practically  no  difference  whatever  due  to  this 
cause. 

It  will  thus  be  seen  that  a  definite  limit  to  the  height  of  a 
furnace  is  soon  reached  in  practice ;  and  that  the  advantage  derived 
fiom  increasing  the  actual  height  of  a  ftimace  may  be  partly  secured 
by  increasing  the  temperature  of  the  blast,  and  thereby  lowering 
the  region  of  maximum  temperature  in  the  furnace. 

The  only  question  that  remains  is  as  to  the  diameter  of  the 
ftimace.  In  reference  to  this  dimension,  the  danger  that  has  been 
alluded  to  from  the  formation  of  cold  masses  in  the  centre  of  a  blast 
famace  serves  as  a  caution  against  the  more  dangerous  formation 
of  cold  masses  attached  to  the  sides  of  the  fdrnace,  technically 
called  scaffoldings.  It  is  obvious  that,  if  the  width  of  the  boshes 
of  a  ftimace  be  large  in  proportion  to  the  height  and  the  volume  of 
the  ajscending  gas,  there  will  be  a  tendency  to  unequal  diffusion  of 
the  heat  imparted  by  that  gas  over  the  successive  horizontal  sections 
of  the  ftimace,  and  irregularities  in  its  working  will  consequently 
set  in.  There  is  then  a  limit  to  the  diameter  of  the  boshes,  the 
largest  of  which  yet  in  use  is  believed  to  be  about  21  feet ;  beyond 
this  size  it  appears  very  questionable  whether  any  beneficial  result 
would  arise,  though  a  ftimace  has  been  stated  to  be  in  course  of 
construction  at  Cwm  Celyn  having  a  diameter  of  24  feet  at  the 
boshes. 

The  nature  of  the  materials  of  the  charge  in  any  contemplated 
increase  of  the  dimensions  of  a  blast  ftimace  must  be  most 
scrupulously  borne  in  mind.  The  density  of  the  coke  is  the  most 
important  consideration ;  but  next  to  that  is  the  fiiability  of  the ' 
ironstone  itself.  In  the  Staffordshire  district  it  would  be  useless  to 
build  furnaces  of  the  height  contemplated  and  actually  employed 
in  the   Middlesbrough  district,   for  the   simple  reason  that  the 
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StaSbrdsbire  coke  is  friable  and  would  be  crasbed  most  injnrioTisly 
by  tbe  weight  of  superimposed  material. 

It  is  thus  evident  that  tbe  actual  dimensions  of  a  blast  ftimace 
in  any  particular  instance  are  mucb  dependent  upon  special  local 
circumstances ;  but  tbe  writer  bas  endeavoured  to  point  out  tbe 
general  principles  wbicb  guide  tbe  determination  of  tbe  dimensions 
to  be  adopted. 


Tbe  President  tbougbt  tbe  paper  tbat  bad  been  read  was  an 
excellent  one  and  gave  a  clear  explanation  of  tbe  advantage  of 
bot  blast  and  tbe  principles  involved  in  tbe  arrangement  of  tbe 
materials  in  a  blast  fdmace.  He  enquired  wbat  bad  been  found  to 
be  tbe  effect  of  tbe  internal  distributing  cone  in  tbe  tbroat  of  tbe 
fttmace  at  tbe  Ormesby  Iron  Works,  as  regarded  tbe  quality  of  tbe 
iron  produced,  and  wbetber  tbere  bad  been  any  difficulty  in  keeping 
tbe  fdmace  up  to  tbe  desired  quality  of  foundry  iron  since  tbe 
internal  cone  bad  been  added. 

Mr.  Cochrane  replied  tbat  tbe  quality  of  tbe  iron  now  made 
by  tbe  farnace  was  tbe  same  as  tbe  foundry  iron  made  in  tbe 
same  ftimace  before  tbe  internal  distributing  cone  was  added; 
but  tbe  difference  produced  by  tbe  cone  was  tbis :  tbat  before  its 
application,  altbougb  tbe  frimace  would  make  as  good  a  quality  of 
foundry  iron  wben  in  good  workiag  order,  it  was  liable  continually 
to  be  tbrown  suddenly  to  wbite  iron,  owing  to  irregularities  in  tbe 
arrangement  of  tbe  materials  in  tbe  Aimace,  causing  tbem  to  reacb 
tbe  beartb  in  an  imperfect  state  of  fosion,  so  tbat  wbite  iron  was 
produced  notwithstanding  tbe  burden  was  tbe  proper  one  for 
foundry  iron;  wbereas  since  tbe  addition  of  tbe  internal- cone  no 
wbite  iron  bad  ever  been  produced  witb  a  foundry  iron  burden, 
but  tbe  fomace  was  now  kept  regularly  to  foundry  iron  witbout 
any  irregularities  occurring  in  its  workiag. 
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The  President  enquired  what  was  the  constraetion  and  weight 
of  the  internal  cone,  and  what  was  found  to  be  its  dnrabiHty  in  that 
situation. 

Mr.  Cochrane  replied  that  the  cone  was  made  of  sheet  iron  and 
was  suspended  inside  the  throat  of  the  Aimace  by  fonr  chains  from 
the  charging  plate,  as  shown  in  the  drawing;  its  weight  was 
about  5  cwts.  The  cone  had  now  been  in  regular  use  for  about 
fonr  months,  and  would  probably  have  lasted  ten  or  twelve  months 
before  requiring  renewal,  if  that  plan  of  charging  had  been 
continned  in  constant  work;  it  was  however  only  a  temporary 
construction  which  he  had  adopted  by  way  of  trial,  for  the  purpose 
of  satisfying  himself  respecting  the  arrangement  of  the  materials  in 
the  ftimace  top ;  and  the  entire  furnace  top  was  now  in  process  of 
alteration  to  the  ordinary  plan  of  closed  top  with  the  cast  iron 
lowering  cone  for  charging,  as  shown  in  Fig.  3,  Plate  58,  since  tliis 
served  the  same  purpose  of  distributing  the  materials  in  the  furnace 
as  the  internal  distributing  cone ;  a  single  large  opening  was  also 
employed  for  taking  off  the  gas  at  one  side,  instead  of  the  ftn-nnla-y 
gas  chamber  previously  use^* 

Mr.  J.  E.  Swindell  enquired  how  the  impossibility  of  making 
No.  1  foundry  iron  with  cold  blast  in  the  Middlesbrough  district 
was  accounted  for,  and  whether  it  was  considered  due  to  the  more 
intractable  nature  of  the  materials  in  that  district. 

Mr.  Cochrane  believed  it  was  entirely  owing  to  the  more 
intractable  nature  of  the  materials  that  it  was  impossible  to 
make  the  best  qualities  of  foundry  iron  with  cold  blast  in  the 
Middlesbrough  district,  because  in  Staffordshire  No.  1  foundry 
iron  could  be  produced  with  cold  blast.  The  explanation  he  thought 
was  as  submitted  in  the  paper  just  read :  that  with  cold  blast  the 
air  had  to  travel  higher  up  into  the  furnace  before  a  sufl&cient  heat 
was  obtained  for  the  reduction  of  the  iron  ore ;  and  it  was  possible 
also  that  the  nature  of  the  materials  in  the  Middlesbrough  district 
required  a  temperature  which  could  not  be  produced  at  all  with 
cold  blast. 

Mr.  J.  E.  Swindell  asked  whether  it  was  considered  that  the 
materials  in  the  ftimace  really  did  melt  nearer  to  the  tuyeres  with 
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hot  blast  than  with  cold  blast ;  he  understood  that  practical  men 
who  had  worked  both  hot  and  cold-blast  furnaces  stated  distinctly 
that  the  materials  melted  nearer  to  the  tnyeres  in  a  cold-blast 
fiimace  than  with  hot  blast. 

Mr.  GoCHBANE  said  the  object  to  be  aimed  at  in  the  blast  fdmace 
was  to  get  the  region  of  Tnn>xiTTmm  temperature  limited  as  much  as 
possible  in  its  extent  above  the  tuyeres^  and  to  leave  all  possible 
height  of  the  famace  available  for  the  absorption  of  the  heat 
generated  in  the  lower  parts.  No  doubt  with  cold  blast  the 
materials  were  melting  as  close  to  the  tuyeres  as  with  hot  blast, 
but  the  objection  to  the  cold  blast  was  that  it  caused  them  to 
be  melting  also  considerably  above  the  tuyeres,  for  a  height  of 
probably  as  much  as  10  or  12  feet  above.  The  object  more 
correctly  stated  was  therefore  to  bring  down,  not  the  point  at 
which  the  materials  did  melt,  but  the  point  at  which  they  did  not 
melt ;  that  is,  to  bring  down  the  upper  limit  of  the  region  of  fosion, 
and  confine  the  maximum  temperature  to  the  least  possible  height 
above  the  tuyeres:  and  he  was  fully  satisfied  that  this  was  the 
effect  produced  by  the  hot  blast  as  compared  with  the  cold  blast. 

Mr.  E.  Reynolds  suggested  that  the  difficulties  which  had  been 
met  with  in  the  working  of  the  furnace  arose  from  the  construction 
of  the  closed  top  and  charging  valve,  which  appeared  to  be  a 
reversing  of  the  old  mode  still  employed  at  the  Butterley  Iron 
Works,  where  the  charging  was  done  by  means  of  a  filling  barrow, 
which  carried  the  charge  in  a  bucket  at  the  end  of  a  projecting  arm 
reaching  over  the  centre  of  the  open  top  of  the  frimaces;  each 
bucket  consisted  of  a  vertical  cylinder,  the  bottom  of  which  was 
closed  by  a  cone  held  up  against  it,  and  fche  charge  was  dropped 
into  the  ftimace  by  lowering  the  cone  valve.  By  that  plan,  when 
the  cone  was  lowered  for  charging,  the  tendency  of  the  charge  was 
to  shoot  outwards ;  but  with  the  construction  of  the  closed  top 
shown  in  the  drawings,  when  the  charging  valve  was  raised,  the 
slope  of  the  charging  plate  surrounding  the  valve  would  cause  the 
material  to  be  shot  towards  the  centre  of  the  frimace,  and  would 
thus  occasion  the  difficulties  that  had  been  experienced.  These 
he  suggested  might  be  obviated  if  the  sides  of  the  charging  plate 
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were  more  nearly  vertical,  bo  as  to  sHoot  the  material  lees  into  the 
oentre  of  the  fdmace,  and  agree  more  nearly  with  the  vertical  sides 
of  the  charging  cylinders  in  the  old  plan  nsed  at  Butterley. 

Mr.  Cochrane  did  not  see  how  such  an  arrangement  of  the 

charging  plate  conld  have  been  carried  out  with  the  construction  of 

charging  valve  that  had  been  employed  at  the  Ormesby  Iron  Works, 

nor  was  the  slope  of  the  charging  plate  a  point  of  importance  after 

the  internal  distributing  cone  had  been  added.     The  object  of 

having  a  charging  valve  that  should  be  raised  for  charging,  in 

place  of  the  ordinary  cone  valve  that  was  lowered  in  the  fdmace  at 

each  charge,  had  been  to  save  as  much  height  as  possible  in  the 

furnace  and  admit  of  keeping  the  materials  charged  up  to  a  higher 

level  in  the  throat  of  the  Aimace.     It  had  been  a  question  therefore 

in  the  first  iostance  between  employing  a  much  larger  charging 

valve,  so  as  to  avoid  all  risk  of  the  charges  being  shot  into  the 

centre  of  the  ftimace ;   or  keeping  the  size  of  the  valve  as  small  as 

was  compatible  with  maintaioiag  the  level  of  the  materials  in  the 

furnace  up  to  the  fnXL  height  intended :    and  it  had  been  found,  as 

the  result  of  experience,  that  the  original  size  of  the  charging  valve, 

only  6  ^.  6  ios.  diameter,  was  too  small  to  prevent  the  charges 

£9Jling  into  the  centre  of  the  ftimace,  although  the  difficulties 

arising  fi^m  that  cause  had  since  been  entirely  obviated  by  the 

addition  of  the  internal  distributing  cone  for  directing  the  materials 

outwards  towards  the  sides  of  the  furnace.     At  a  neighbouring 

ftimace  however  in  the  Middlesbrough  district,  where  the  same 

construction  of  closed  top  with  lifting  valve  had  been  adopted,  the 

valve  had  been  made  9  ft.  6  ius.  diameter  instead  of  only  6&,,  6  ins. ; 

and  the  consequence  of  this  increase  in  its  size  was  that  the  charges 

were  distributed  sufficiently  towards  the  sides  of  the  ftimace, 

instead  of  shooting  into  the  centre,  and  the  ftimace  was  working 

admirably  without  any  need  of  an  internal  distributing  cone  such 

as  it  had  been  necessary  to  have  recourse  to  in  the  faxnace  described 

in  the  paper. 

The  President  enquired  what  was  the  difference  of  size  in 
the  Staffordshire  blast  furnaces  as  compared  with  those  in  the 
Middlesbrough  district. 
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Mr.  J.  E.  Swindell  said  tliat  tHe  Aimaces  in  tHe  Staffordshire 
district  were  &om  13  to  18  feet  in  diameter  as  a  maziniiim,  and  not 
exceeding  45  to  50  feet  in  height. 

The  President  asked  whether  the  materials  of  the  charges  for 
the  close-topped  ftimace  described  in  the  paper  were  broken  to 
any  particular  size  before  charging. 

Mr.  Cochrane  replied  that  the  limestone  was  broken  by  hand 
labonr  to  a  size  of  about  4  to  6  inches  cube ;  but  the  ironstone  was 
taken  as  it  came  from  the  kilns,  and  no  attempt  was  made  to  break 
it  at  all,  as  that  had  not  been  found  to  pay. 

The  President  enquired  whether  the  high  temperature  of 
1150^  Eah];.,  which  had  been  mentioned  as  the  heat  of  the  hot  blast 
at  the  Ormesby  Aimace,  was  the  average  temperature  of  the  blasts 
and  what  was  the  extent  of  fluctuation  in  the  temperature. 

Mr.  Cochrane  replied  that  the  blast  was  heated  by  means  of  Mr. 
Cowper's  regenerative  hot-blast  stoves,  and  the  average  temperature 
of  blast  obtained  was  1150®  in  regular  working.  The  very  outside 
fluctuation  was  about  200®  during  the  four  hours  that  each  stove 
alternately  heated  the  blast,  the  TnaxiTnum  temperature  being  nearly 
1250®  when  the  newly  heated  stove  was  first  turned  on,  and  the 
TniTiiTTiTiTiri  temperature  not  less  than- 1050^  at  the  end  of  the  four 
hours'  working  of  the  same  stove. 

The  President  asked  what  had  '  been  the  experience  with 
reference  to  the  durability  of  the  regenerative  hot-blast  stoves,  and 
whether  any  difficulty  had  occurred  with  any  part  of  them. 

Mr.  Cochrane  said  he  had  now  had  these  stoves  in  regular  work 
for  upwards  of  three  years,  and  as  regarded  their  durability  they 
did  not  show  the  slightest  signs  of  wear  or  deterioration,  but 
appeared  likely  to  last  for  an  indefinite  length  of  time.  The  only 
parts  in  which  any  difficulty  had  been  experienced  were  the 
stop  gas  valves  of  the  stoves ;  these  gave  some  trouble  at  first  in 
consequence  of  a  condensation  of  tar  upon  them,  which  prevented 
them  from  fitting  as  tightly  as  was  necessary  to  avoid  leakage,  and 
the  tar  afterwards  ignited  and  cracked  the  valve  seats ;  but  that 
difficulty  was  now  entirely  got  over  by  not  allowing  the  gas  to 
come  into  contact  with  the  valve  at  the  time  the  blast  was  passing 
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throngli  the  stove,  so  that  any  leakage  of  blast,  instead  of  escaping 
into  the  gas,  was  now  discharged  into  the  open  air. 

Mr.  E.  A.  CowPBB  remarked  that  the  regenerative  hot-blast 
stoves  heating  the  blast  for  the  Ormesby  furnace  were  the  same 
that  lie  had  described  at  a  meeting  of  the  Institution  four  years 
previously,  (see  Proceedings  Inst.  M.  E.,  i860,  page  54) ;  and  the 
advantages  then  anticipated  from  heating  the  blast  in  that  manner 
to  the  high  temperature  of  1150^  Eahr.  had  been  fully  reaHsed 
in  actual  working.  The  temperature  of  1150^  was  not  attainable 
with  common  stoves,  in  which  the  heat  ot  the  blast  seldom 
exceeded  650^,  and  could  not  be  increased  much  beyond  that 
amount  on  account  of  the  heating  being  done  by  means  of  cast  iron 
pipes.  The  regenerative  stoves  however  afforded  the  means  of 
raising  the  temperature  to  as  much  as  1250^  or  more,  the  blast 
being  heated  by  direct  contact  with  the  hot  mass  of  firebrick 
contained  in  the  stove,  which  had  previously  been  heated  by  direct 
contact  with  flame.  The  result  of  employing  a  blast  of  that  high 
temperature  had  been  as  stated  in  the  paper,  that  17  to  18  per 
cent,  of  coke  was  saved  in  the  blast  furnace :  and  there  was  also 
tji  increase  of  about  20  per  cent,  in  the  quantity  of  iron  made, 
while  the  quality  of  the  iron  was  better  than  previously,  more  of 
No.  1  being  made. 

Mr.  E.  J.  Bbamwell  observed  that  the  arrangement  of  close- 
topped  blast  furnace  described  in  the  paper  was  one  of  the  plans  by 
which  the  whole  of  the  gas  was  taken  off  from  the  frmace,  and 
there  was  no  combustion  of  gas  out  of  the  mouth  of  the  furnace ; 
and  in  connection  with  that  arrangement  it  appeared  to  be  considered 
that  the  sole  object  to  be  attained  was  that  the  materials  in  the 
upper  part  of  the  frmace  should  absorb  as  completely  as  possible 
the  heat  generated  lower  down.  He  behoved  however  there 
was  a  general  opinion  that  a  certain  beneficial  chemical  effect 
was  produced  by  allowing  some  of  the  gas  to  bum  out  of  the 
furnace  mouth,  so  that  its  combustion  there  might  operate  in 
preparing  the  newly  charged  materials  and  rendering  them  more 
ready  to  be  acted  upon  and  deoxidised  as  they  descended  in  the 
furnace.    An  open-topped  arrangement,  similar  to  that  employed 
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at  Messrs.  Schneider's  Aimaces  at  XJlyerstone,  had  been  described 
at  the  Liverpool  meeting  of  the  Institation  last  year  (see  Proceedings 
Inst.  M.  B.,  1863,  page  227),  a  large  portion  of  the  gas  being  taken 
off  by  a  vertical  tube  inserted  in  the  centre  of  the  Aimace  throat, 
while  the  annular  space  snrronnding  the  tube  was  left  open  for  the 
rest  of  the  gas  to  bnm  out  freely  at  the  month  of  the  fdmace ;  and 
that  plan  appeared  to  him  to  satisfy  all  the  requirements,  for  while 
allowing  so  much  of  the  gas  to  be  taken  off  as  was  required  for 
working  the  blast  engine  and  heating  the  blast,  it  still  lefb  gas 
enough  burning  out  of  the  furnace  top  to  produce  the  heat  necessary 
for  the  proper  preparation  of  the  materials,  and  also  left  the  moui^ 
of  the  furnace  open  so  that  the  charging  was  done  in  the  ordinary 
manner  by  hand.  He  thought  therefore  that  an  arrangement  which 
allowed  of  combustion  at  the  furnace  mouth  and  of  charging  in  the 
ordinary  manner  ftiMlled  the  required  conditions  of  a  blast  fdmaoe 
better  than  one  in  which  the  combustion  at  the  fdmace  top  was 
entirely  stopped  by  taking  off  the  whole  of  the  gas,  and  where  the 
charging  had  to  be  done  by  special  means  in  consequence  of  the  top 
of  the  ftimace  being  closed. 

In  reference  to  the  irregular  quality  of  the  iron  produced  where 
there  was  any  irregularity  in  the  charging  of  the  materials,  he 
thought  it  most  important  that  great  attention  should  be  paid  to 
having  the  materials  all  broken  to  a  uniform  size  for  putting  into 
the  fdrnace.  For  where  a  chemical  process  had  to  be  carried  on, 
such  as  the  reduction  of  the  ironstone  and  other  materials  of  the 
charge,  it  was  impossible  to  expect  uniformity  of  results  without 
uniformity  of  mixture ;  and  if  large  masses  of  ironstone  and 
limestone  were  put  into  the  furnace,  they  could  not  be  so  thoroughly 
and  uniformly  actiod  upon  by  the  heat  as  if  smaller  pieces  broken  to 
a  uniform  size  were  used.  A  stone-breaking  machine  for  breaking 
the  limestone  and  iron  ore  for  blast  fdmaces  had  been  seen 
in  operation  by  the  members  air  the  Liverpool  meeting  in  last 
year,  and  had  also  been  described  at  a  subsequent  meeting  (see 
Proceedings  Inst.  M.  E.,  1864,  page  20)  ;  which  effected  the  breaking 
of  the  materials  with  great  economy,  and  with  a  rapidity  sufficient 
•for  all  the  purposes  of  a  large  ironworks ;    and  he  thought  such  a 
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machine  would  be  productive  of  great  advantage  by  conducing  to 
uniformity  in  the  quality  of  iron  made  with  a  given  burden. 

He  had  not  had  an  opportunity  of  sqping  the  regenerative  hot- 
blast  stoves  at  work  for  heating  the  blast,  but  they  were  an 
admirable  adaptation  of  Mr.  Siemens'  regenerative  system :  he  had 
seen  the  regenerative  ftimaces  applied  to  other  purposes  where  a 
very  high  temperature  was  required,  and  certainly  nothing  could 
exceed  the  success  of  their  application  in  such  cases.  There  was 
no  doubt  that  the  mass  of  firebrick  in  the  regenerative  stoves  gave 
the  means  of  heating  the  blast  as  high  as  1150^  Fahr.  or  upwards, 
and  of  maintaining  it  easily  at  that  temperature,  which  it  would  be 
impossible  to  accomplish  in  the  ordinary  mode  of  heating  the  blast 
through  cast  iron  pipes.  Moreover  in  the  regenerative  stoves 
every  particle  of  fuel  was  utilised,  since  the  heat  given  out  by  it 
was  taken  up  so  completely  by  the  firebrick  in  the  regenerators 
that  the  chimney  flue  remained  cool  enough  to  allow  of  the  hand 
being  held  in  it ;  and  the  blast  being  afterwards  heated  by  passing 
in  the  reverse  direction  through  the  same  mass  of  firebrick,  the 
heat  was  carried  forwards  by  it  into  the  blast  furnace,  and  great 
economy  was  thus  effected,  the  whole  of  the  heat  being  thereby 
utilised,  instead  of  a  large  amount  of  waste  heat  escaping  to  the 
chimney.  There  appeared  no  reason  to  doubt  that  the  increase  in 
the  temperature  of  the  blast  from  the  ordinary  heat  of  650°  to  the 
high  temperature  of  1150**  maintained  at  Ormesby  was  attended 
with  the  beneficial  results  that  had  been  mentioned,  as  regarded 
economy  of  fuel  in  the  blast  furnace  ;  and  that  being  the  case,  it 
might  be  expected  that  a  stiU  higher  temperature  of  blast  would  be 
found  productive  of  yet  greater  economy.  As  to  what  ten^perature 
of  blast  would  give  the  maximum  of  economical  effect,  if  the 
question  were  one  of  merely  melting  the  ore,  no  doubt  the  process 
of  heating  the  air  by  means  like  the  regenerative  stoves,  which 
utilised  nearly  the  whole  of  the  fuel,  might  be  advantageously 
carried  on  until  the  air  was  made  sufficiently  hot  to  do  the  whole  • 
work  of  melting  the  ore  without  the  use  of  any  fuel  at  all  in  the 
furnace;  unless  indeed  before  that  point  were  reached  the  highly 
heated  blast  should  have  an  injurious  effect  on  the  walls  of  the 

c  2 
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fttmace,  wMcli  however  lie  did  not  at  all  fear.  But  it  mnst  be 
borne  in  mind  that  the  nse  of  the  ^el  in  the  fiimace  was  not  merely 
to  generate  Heat  for  meltiag  the  charge,  but  that  one  of  its  most 
important  fanctions  was  to  act  chemically  on  the  ore  so  as  to  fit  it 
for  reduction.  It  seemed  to  him  probable  therefore  that  the  limit 
of  useM  effect  in  heating  the  bl9at  would  be  reached  at  that  point 
where  its  increased  temperature  would  admit  of  the  fuel  in  the 
ftirnftce  being  reduced  to  the  minimum  quantity  requisite  to  act 
chemically  on  the  ore.  What  that  quantity  might  be  was  a  chemical 
question :  but  he  had  little  doubt  that  the  limit  was  sufficiently  £ax  off 
to  allow  of  the  temperature  of  the  blast  being  still  ^irther  increased 
with  advantage ;  and  he  believed  this  increased  temperature  could 
be  obtained  by  the  use  of  the  regenerative  stoveSj  which  he  was 
very  glad  to  hear  had  worked  so  successfully  during  the  four  years 
they  had  been  in  action. 

Mr.  Cochrane  remarked  that,  as  regarded  the  burning  of  the 
gas  in  the  throat  of  the  blast  fornace,  he  was  led  to  believe  that  the 
temperature  of  the  ascending  gas  on  reaching  the  top  of  the 
fornace  was  not  sufficient  to  produce  any  chemical  effect  upon  the 
materials,  and  the  addition  of  a  few  feet  height  at  the  top  of  the 
furnace  was  only  a  question  of  absorbing  the  heat  more  completely 
from  the  gas  before  it  escaped  from  the  ^imace.  He  had  at  one 
time  considered  that  the  combustion  of  the  gas  in  the  throat  of  an 
open-topped  furnace  had  something  to  do  with  dispelling  any 
foreign  matter  in  the  coke  or  the  ironstone,  or  possibly  finishing  the 
calcining  of  any  portion  of  the  ironstone  that  had  been  imperfectly 
burned,  or  drying  the  materials  and  warming  them  more  thoroughly 
previous  to  their  descent  in  the  fdmace.  But  the  results  of 
subsequent  experience  had  now  led  him  to  conclude  that  there  was 
not  any  appreciable  difference  in  yield  between  a  furnace  working 
with  a  totally  closed  top  and  one  which  allowed  the  combustion  of 
the  gas  in  the  throat.  The  explanation  of  this  ^t  appeared  to  be 
the  same  as  that  which  applied  to  the  burning  of  an  ordinary 
candle,  where  the  gas  in  the  interior  of  the  cone  of  flame  remained 
so  cold  that  gunpowder  might  be  placed  in  it  without  being 
exploded;    and  in  the  same  way  in  an  open-topped  blast  furnace. 
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the  gas  by  the  time  it  reached  the  top  of  the  materials  was  at  its 
lowest  temperature,  and  it  had  still  so  much  ftirther  to  ascend 
before  it  came  in  contact  with  the  o^^gen  of  the  air  necessary  to 
bnm  it,  that  the  heat  generated  by  its  combustion  at  the  Airnace 
mouth,  although  large  in  amount,  could  not  radiate  back  again 
through  the  ascending  column  of  gas  so  as  to  impart  any  of  its 
temperature  to  the  materials  lying  in  the  throat  of  the  fiimace. 

As  regarded  the  breaking  of  the  materials  previous  to  charging, 
there  could  be  no  question  that  if  they  could  be  always  broken  to  a 
uniform  size  it  would  be  very  advantageous  to  the  working  of  the 
furnace.  This  was  already  accomplished  to  a  considerable  extent 
in  the  case  of  the  limestone,  which  was  broken  by  hand  labour  for 
the  purpose ;  but  in  respect  to  the  ironstone,  he  had  no  hesitation 
in  saying  that  any  attempt  to  break  it  into  pieces  of  uniform 
size  would  be  finstrated  in  the  Middlesbrough  district  by  the 
amount  of  waste  made  in  crushing  it,  on  account  of  the  friable 
nature  of  the  Cleveland  ironstone. 

Mr.  J.  E.  Swindell  mentioned  that  an  attempt  had  been 
made  eighteen  years  ago  in  a  blast  fdmace  at  Wingerworth  in 
Derbyshire  to  get  the  gas  ignited  and  consumed  close  to  the 
stir&u^  of  the  materials  in  the  furnace  throat,  in  order  that  the 
whole  of  the  heat  generated  by  the  combustion  might  be  utilised 
in  the  furnace.  The  fiimace  was  about  25  or  30  feet  high, 
with  the  top  entirely  closed,  the  charging  of  the  materials  being 
done  through  doors  provided  for  the  purpose ;  and  a  small  opening 
furnished  with  a  damper  admitted  air  to  the  top  of  the  furnace  for 
the  combustion  of  the  gas.  The  result  was  that  the  gas  was  entirely 
consumed  in  the  top  of  the  frimace,  and  the  heat  produced  was 
so  great  that  the  materials  at  the  top  were  almost  in  a  melting  state. 
The  frimace  liad  been  worked  in  that  manner  for  a  considerable 
length  of  time,  but  the  results  were  altogether  unsuccessful  as 
to  quality  of  iron  made  and  economy  of  fuel,  and  the  plan  was 
therefore  abandoned. 

Mr.  J.  Feenib  had  been  much  struck  with  the  very  great 
waste  of  heat  that  must  take  place  at  the  open-topped  fdmaces  of 
Gartsherrie  and  other  places  in  the  neighbourhood  of  Glasgow, 
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wtere  the  quantity  of  waste  gas  bnming  out  of  the  fonmce  tops 
appeared  largely  in  excess  of  what  was  observed  in  many  EngHsh 
open-topped  Aimaces ;  and  he  could  not  help  thinking  the  closed 
top  or  some  other  mode  of  taking  off  the  gas  and  utilising  it  might 
be  applied  with  great  advantage  to  many  of  the  Scotch  blast 
furnaces. 

The  President  enquired  whether  the  iron  produced  was  found 
to  be  stronger  or  better  in  quality  in  consequence  of  the  high 
temperature  of  the  hot  blast  described  in  the  paper.  He  remembered 
that  formerly  iron  used  to  be  produced  so  strong  that  the  piga 
had  to  be  cast  with  nicks  in  them  for  breaking,  but  latterly  the 
strength  had  so  much  deteriorated  that  a  pig  would  break  by  merely 
falling  on  the  ground ;  and  he  feared  that  more  attention  was  now 
paid  to  cheapness  than  to  quality  of  iron. 

Mr.  Cochrane  said  he  had  not  made  any  experiments  to  ascertain 
the  actual  increase  of  strength  in  the  iron  produced  with  the  very 
hot  blast  employed  at  Ormesby,  but  he  could  state  positively  that 
there  was  an  increase  of  strength,  as  shown  by  the  fiict  that  the 
work  of  breaking  the  pigs  after  each  cast  was  now  much  heavier, 
which  was  a  rough  test  of  the  increased  strength.  There  was  a 
decided  improvement  in  the  purity  of  the  iron  made  with  the  hotter 
blast,  which  would  no  doubt  explain  its  increased  strength.  In  the 
Middlesbrough  district  it  was  found  that  a  little  scum  of  impurities 
rose  to  the  surface  of  the  melted  iron  in  the  blast  furnace,  which 
was  "sometimes  very  objectionable  in  casting ;  but  with  the  hotter 
blast  there  was  less  of  this  scum  rising,  showing  that  there  was 
increased  purity  of  the  iron  produced.  In  fact  as  the  greater  part 
of  the  impurities  in  the  iron  arose  from  the  coke,  the  smaller 
quantity  of  coke  used  with  the  hotter  blast  gave  less  opportunity 
for  these  impurities  to  pass  into  the  iron. 

Mr.  J.  Anderson  thought  it  strange  that  makers  of  iron  on 
a  large  scale  should  allow  the  question  of  quality  to  occupy  so  little 
of  their  attention.  The  fact  that  the  tensile  strength  of  different 
descriptions  of  iron  in  the  pig  ranged  from  as  low  as  only  4  tons  per 
square  inch  up  to  15  tons,  with  all  the  strengths  between,  showed 
that  there  was  something  to  be  done  by  the  iron  maker,  and  that 
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the  founder  had  very  little  to  depend  upon  previous  to  trial  as  to  the 
kind  of  iron  that  should  be  used  for  any  purpose,  since  with  the 
inferior  irons  the  strains  to  which  they  would  be  subjected  in  use 
must  often  approach  very  nearly  to  their  breaking  strength.  He 
thought  the  iron  maker  should  ascertain  the  exact  quality  of  the 
iron  which  he  made,  so  as  to  be  able  to  state  definitely  how  good  it 
was  in  respect  to  toughness,  elasticity,  and  ultimate  tensile  strength. 
If  these  points  were  more  attended  to,  instead  of  merely  the 
production  of  iron  in  great  quantities,  it  would  in  the  long  run  be 
the  better  for  the  country  at  large. 

Mr.  W.  Haden  remarked  that  if  a  superior  quality  of  iron  were 
desired  it  could  always  be  obtained  if  a  proportionate  price  were 
paid  for  it.  But  there  were  many  other  requirements  also  for  which 
a  very  inferior  quality  of  iron  was  quite  suitable ;  and  if  these  were 
to  be  overlooked,  a  large  amount  of  the  material  in  the  various  iron 
making  districts  would  lie  worthless.  The  great  object  to  be  aimed 
at  in  every  district  was  to  utilise  the  material  of  that  district  to  the 
utmost  extent. 

Mr.  J.  Anderson  thought  that,  if  there  were  greater  facilities  for 
getting  good  iron,  a  proportionate  diminution  might  be  made  in  the 
dimensions  of  castings,  compared  with  those  made  of  the  inferior 
iron  at  present  employed ;  and  if  more  care  were  bestowed  upon 
getting  the  greatest  strength  from  the  ironstone  of  a  district,  and 
the  chemical  constituents  of  the  iron  were  attended  to,  the  minimum 
tensile  strength  of  the  iron  in  the  pig  might  probably  be  brought 
up  to  8  tons  per  square  inch  or  upwards.  Thus  only  half  the 
weight  of  iron  would  have  to  be  used  in  those  structures  for  which 
the  inferior  iron  was  at  present  employed. 

Mr.  J.  B.  Swindell  thought  the  only  excuse  for  not  using  the 
better  qualities  of  iron  was  their  high  prices ;  but  the  tensile 
strength  of  8  tons  per  square  inch  that  had  been  mentioned 
appeared  to  him  to  be  considerably  below  the  actual  strength  that 
was  generally  obtained  from  the  best  makes  of  pig  iron.  At  his  own 
works  in  the  South  Staffordshire  district  the  tensile  strength  of 
bars  1  inch  square  of  cold-blast  iron  cast  direct  from  the  blast 
ftimace  was  found  to  be  14  tons  in  the  regular  make,  though  it 
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was  not  possible  for  tliat  strength  to  be  guaranteed  in  all  castings 
made  from  sucb  pigs,  becanse  tbe  metal  might  be  so  treated 
subsequently  in  tbe  foundry  as  to  have  much  of  its  strength 
destroyed.  The  mechanical  qualities  of  any  sort  of  iron,  its 
strength,  toughness,  and  elasticity,  were  the  principal  points  to  be 
regarded,  he  considered ;  and  the  question  of  chemical  composition 
and  the  minute  proportions  of  foreign  ingredients  mixed  with  the 
iron  appeared  to  him  of  very  secondary  importance. 

Mr.  F.  J.  Beamwell  concurred  in  thinking  that  the  chemical 
composition  of  iron  should  be  viewed  as  of  secondary  importance 
in  comparison  with  its  mechanical  qualities.  K  a  number  of 
inferior  descriptions  of  iron  were  found  by  chemical  analysis  to 
contain  a  certain  foreign  ingredient  which  was  found  to  be  absent 
from  other  irons  of  a  better  class,  that  afiTorded  a  presumption  that 
the  particular  ingredient  in  question  deteriorated  the  quality  of  any 
iron  containing  it :  but  the  exceptions  to  this  inference  were  found 
to  be  so  numerous  in  practice  that  it  would  be  a  mistake  to  reject 
any  iron  merely  on  the  ground  of  its  containing  some  special 
ingredient,  while  its  mechanical  properties  might  notwithstanding 
be  such  as  to  place  it  among  the  class  of  good  irons.  He  therefore 
considered  the  mechanical  qualities  were  in  every  case  those  which 
should  be  first  regarded.  In  describing  the  strength  of  any  make 
of  iron,  one  thing  to  be  stated  was  the  condition  that  the  iron  was 
in,  whether  in  the  pig  or  after  a  subsequent  process  of  casting,  as 
the  strength  was  much  affected  by  difference  of  the  conditions  in 
that  respect.  In  the  case  of  some  iron  from  Nova  Scotia  which  he 
had  had  occasion  to  test,  he  had  found  that  in  the  pig  it  bore 
a  tensile  strain  of  only  7 J  tons  per  square  inch ;  but  after  repeated 
fasion  and  mixing  with  its  own  scrap,  the  same  iron  bore  an 
average  tensile  strain  of  18i  tons  per  square  inch,  while  the 
highest  strength  obtained  by  that  means  was  as  much  as  19f  tons 
per  square  inch,  as  proved  by  the  testing  machine  at  Woolwich, 
showing  how  greatly  the  original  strength  in  the  pig  might  be 
increased  by  subsequent  treatment. 

Mr.  J.  Anderson  remarked  that  having  lately  given  a  good 
deal  of  attention  to  the  properties  of  iron  in  its  different  characters 
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of  WTOXLglit  iron,  cast  steel,  and  cast  iron,  he  had  come  to  the 
condnsion  that  the  chemical  composition  of  the  metal  was  the  great 
question.  He  had  found  that  wrought  iron  which  was  most  nearly 
pure,  containing  the  least  amount  of  carbon,  had  a  tensile  strength 
of  aibout  20  tons  per  square  inch,  and  in  the  irons  of  Scotland  and 
the  steely  irons  of  Yorkshire  the  strength  varied  from  that  amount 
up  to  28  tons  per  square  inch,  while  cast  steel  containing  1|  per 
cent,  of  carbon  had  an  ultimate  tenacity  as  high  as  75  tons ; 
whereas  in  cast  iron,  containing  the  largest  proportion  of  carbon, 
the  strength  declined  to  8  tons  and  downwards  as  low  as  4  tons 
per  square  inch.  All  these  descriptions  of  iron,  excepting  the 
purest  with  the  tensile  strength  of  about  20  tons,  had  their  strength 
increased  by  plunging  them  while  in  a  heated  state  into  cold  water. 
He  had  also  found  that  the  fsK^ility  of  welding  any  description  of 
iron  was  in  proportion  to  its  freedom  from  the  chemical  constituent, 
carbon,  which  increased  its  tenacity ;  so  that  the  purer  and  weaker 
irons  welded  more  readily  than  those  containing  more  carbon  and 
possessing  greater  tensile  strength.  Thus  the  steely  irons  of 
Yorkshire  became  very  difficult  to  weld  in  the  stronger  qualities, 
and  the  next  gradation  in  the  scale  was  the  mild  steels  which 
he  was  now  using  for  guns.  These  had  very  nearly  the  same 
constituents  as  the  Yorkshire  iron,  and  were  affected  to  nearly  the 
same  extent  by  being  made  red-hot  and  plunged  into  water.  The 
various  mechanical  properties  of  the  different  descriptions  of  iron 
were  now  becoming  generally  understood,  but  the  great  question 
that  still  remained  for  solution  was  altogether  a  chemical  one: 
namely,  what  it  was  that  produced  such  great  changes  of  quaKty  in 
the  different  sorts  of  iron,  and  particularly  what  it  was  that  caused 
iron  to  become  so  much  stronger  when  heated  red-hot  and  plunged 
into  water. 

Mr.  P.  D.  Bennett  thought  the  subject  of  the  different  qualities 
of  various  descriptions  of  iron  was  of  the  greatest  importance  to 
the  makers  of  iron,  and  he  would  be  very  glad  if  an  explanation 
could  be  given  as  to  why  there  was  so  much  difficulty  in  getting 
Staffordshire  iron  to  stand  tests  which  were  borne  by  Scotch  iron 
of  much  less  cost.     His  own  practice  in  testing  iron  was  to  have  a 
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test  bar  cast  2  inclies  deep  by  1  incb  wide  with  3  feet  between  the 
bearings,  whicb  onght  to  cany  a  load  of  28  cwts.  in  the  centre 
before  breaking,  if  the  iron  were  of  at  all  a  good  quality.  Bnt  in  the 
case  of  the  Staffordshire  district  he  had  found  it  difficult  to  get  any 
of  the  cheaper  iron  to  stand  that  test,  while  Scotch  iron  would 
readily  stand  32  cwts. ;  and  to  get  Staffordshire  iron  to  stand  the 
same  test  as  the  Scotch,  the  price  would  be  as  much  as  20s.  to  30«. 
per  ton  higher  than  the  Scotcb.  In  some  recent  experiments  with 
the  best  cold-blast  Staffordshire  iron  he  had  succeeded  after  much 
difficulty  in  getting  a  test  bar  to  stand  a  weight  of  37  cwts.,.  which 
was  the  highest  test  he  had  been  able  to  attain  with  it ;  but  the 
price  in  that  ca^  was  as  much  as  £5  10s.  per  ton  as  compared  with 
only  £3  10s.  for  Scotch  iron  of  the  same  strength.  He  hoped 
therefore  that  the  reason  of  this  great  difference  would  be  more 
satisfactorily  explained  than  had  yet  been  done. 

Mr.  E.  A.  CowPEE  thought  there  was  still  much  to  be  done 
in  respect  to  the  chemical  investigation  of  the  different  qualities 
of  iron,  in  order  to  ascertain  clearly  what  was  the  cause  of  the 
differences  that  were  met  with ;  for  when  this  was  known,  so  that 
the  quality  of  any  desired  sort  of  iron  could  be  folly  described, 
he  had  no  doubt  the  iron  makers  would  find  the  means  of  producing 
that  quality  of  iron  readily  enough.  At  present  chemistry  had  not 
gone  far  enough  in  this  subject ;  for  in  a  recent  case  one  of  the 
strongest  irons  known  had  been  rejected  on  chemical  reasons  alone. 

In  reference  to  increasing  the  strength  of  iron  by  heating 
it  red-hot  and  plunging  it  into  cold  water,  it  was  found  very 
advantageous,  in  the  case  of  casting  chiUed  rolls,  to  melt  and  cast 
the  iron  into  cold  water  two  or  thi^ee  times  beforehand.  He  did  not 
know  what  change  this  made  in  the  nature  of  the  metal,  but  it  had 
the  effect  of  causing  the  iron  to  chill  more  completely  in  the  final 
casting,  and  thus  increased  the  hardness  and  durability  of  rolls  cast 
in  that  way. 

Mr.  J.  Anderson  observed  that  a  great  deal  had  already  been 
accomplished  and  was  still  in  process  of  being  done  by  government 
towards  ascertaining  the  chemical  qualities  of  iron,  and  to  a  cei-tain 
extent  these  endeavours  had  been  successftil ;  but  because  chemical 
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investigation  had  not  always  led  to  correct  results  at  present,  it 
onght  not  on  that  account  to  be  disparaged. 

Mr.  F.  J.  Bbamwell  thonglit  the  value  of  chemistry  in  connection 
with  the  properties  of  iron  should  not  be  depreciated  ;  but  on  the 
other  hand,  when  the  sole  object  was  to  get  iron  that  should  satisfy 
certain  mechanical  requirements,  if  the  chemical  test  and  the 
mechanical  test  were  at  variance,  it  was  a  mistake  to  accept  the 
chemical  test  in  lieu  of  the  mechanical.  In  any  case  of  a  discrepancy 
between  the  two,  the  test  which  was  practical  should  be  adopted, 
and  not  that  which  was  only  a  means  of  arriving  at  the  practical  by 
another  road. 

The  President  considered  the  experiments  and  researches  that 
had  been  referred  to  as  being  made  by  the  government  must  tend 
to  a  good  result  ultimately,  and  were  leading  the  way  for  ftirther 
investigations  by  individual  makers  and  consumers  of  iron,  who 
were  aU  anxiouB  to  get  better  iron.  A  very  elaborate  machine  was 
now  in  course  of  construction  by  Mr,  Kirkaldy,  for  the  purpose  of 
testing  iron  in  respect  to  aU  its  various  mechanical  properties, 
which  would  enable  the  makers  of  iron  to  ascertain  with  great 
accuracy  the  quality  of  the  metal  which  they  produced. 

He  proposed  a  vote  of  thanks  to  Mr.  Cochrane  for  his  paper, 
which  was  passed. 


The  Meeting  was  then  adjourned  to  the  following  day.  In  the 
afternoon  the  Members  were  conveyed  by  special  train,  granted  for 
the  occasion  by  the  Edinburgh  and  Grlasgow  Railway  Company,  to 
visit  the  Mugdock  Reservoir  of  the  Loch  Katrine  "Water  Works, 
with  the  Straining  "Well,  the  Outlet  of  the  Loch  Katrine  Aqueduct, 
and  the  Delivery  Sluices  for  the  supply  of  Grlasgow.  The  Members 
were  received  at  the  Milngavie  Station  and  accompanied  over  the 
works  at  Mugdock  by  the  Lord  Provost  of  Glasgow  and  the 
authorities  of  the  "Water  "Works ;  and  returned  to  Glasgow  in  the 
evening  by  special  train. 
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The  Adjourned  Meeting  of  the  Members  was  held  in  the 
Institution  Eooms,  St.  George's  Place,  Glasgow,  on  Wednesday, 
3rd  Angust,  1864 ;  Robert  Napier,  Esq.,  President,  in  the  Chair. 

The  following  paper  was  read : — 
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ON   IMPROVEMENTS    IN    HEAVY    TOOLS 

FOR  GENERAL  ENGINEERING 

AND    IRON    SHIPBUILDING   WORK. 


By  Me.  JAMES  FLETCHER,  of  Manchestee. 


Dnrmg  the  last  thirty  years  the  great  rise  and  progress  have 
taken  place  in  the  construction  and  appKcation  of  general 
Engineering  and  Iron  Shipbuilding  Tools,  their  mann&tctnre  now 
forming  a  very  important  branch  of  mechanical  engineering. 
Forty-five  years  ago,  at  the  commencement  of  the  writer's  career 
afl  a  mechanic,  tools  were  of  a  very  rude  and  primitive  description, 
the  lathe  and  drill  being  about  the  only  ones  then  in  general 
use ;  sHde  lathes  were  possessed  only  by  a  few  persons,  being  made 
with  great  labour  and  expense,  and  very  inferior  in  point  of 
workmanship. 

The  introduction  of  the  planing  machine  ,however  and  its 
subsequent  development  eflFected  an  entire  change  in  the  manufercture 
of  tools  and  machinery  of  every  class,  giving  the  means"  of  carrying 
out  with  facility  many  works  which  had  been  left  unattempted 
previously  as  too  expensive  or  impracticable,  and  opening  the  way  for 
improvements  and  invention  generally ;  and  in  a  short  time  these 
machines  became  indispensable  in  every  workshop.  The  slide  lathe 
became  then  comparatively  easy  of  manu&cture,  and  in  conjunction 
with  the  planing  machine  and  self-acting  drill  formed  a  most 
important  feature  in  the  advancement  of  engineering  work.  Still 
much  remained  to  be  effected:  a  large  proportion  of  work  was 
done  by  hand,  especially  the  smaller  portions  of  machinery,  until 
slotting  and  shaping  machines  were  brought  into  use,  and  special 
tools  adapted  for  all  parts  where  a  quantity  of  work  was  required 
to  be  produced.  By  the  gradual  introduction  and  perfecting 
of  the  regulator  screw,  the  wheel  cutting  engine,  standard  gauges, 
large  surfiu5e  plates,  long  straight  edges,  and  scraped  surfaces, 
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combined  with  tlie  improved  tools,  not  only  was  the  amonnt 
of  manual  labour  considerably  diminished,  bnt  the  work  was  done 
more  expeditiously,  and  a  much  greater  degree  of  accuracy  was 
attained,  whereby  the  workmanship  in  all  classes  of  macliinery 
was  remarkably  improved  and  at  a  great  reduction  in  cost.  As 
engineering  skill  was  brought  to  bear  on  schemes  which  could  not 
previously  have  been  carried  out,  so  were  tools  enlarged  and 
new  ones  invented,  to  meet^  the  exigencies  of  new  works  ;  until 
engineers  and  others  became  really  dependent  for  the  accuracy 
and  execution  of  their  work  upon  the  tools  that  could  be  employed 
for  the  purpose.  The  steam  engine,  with  all  the  inventive 
genius  that  has  been  concentrated  upon  it,  would  without  these 
tools  have  still  been  most  imperfect  in  construction,  and  would  have 
formed  a  wide  contrast  to  the  engines  erected  at  the  present  day, 
in  point  of  excellence  of  workmanship,  durability,  and  cost.  Many 
instances  could  be  given  where  tools  of  unusually  large  dimensions 
or  the  most  minute  description  are  indispensable  for  the  execution 
of  the  work  required. 

The  great  change  which  has  taken  place  in  the  substitution  of 
wrought  iron  for  wood  or  cast  iron,  especially  in  ship  and  bridge 
building,  is  a  subject  worthy  of  special  attention.  In  ship  building 
the  use  of  wrought  iron  has  advanced  with  such  rapid  strides 
during  the  last  twenty  years  as  to  cause  a  complete  revolution  in 
the  trade.  The  transition  was  so  sudden  and  the  deimand  so  great 
that  much  difficulty  was  experienced  in  procuring  a  sufficient 
number  of  the  necessary  class  of  workmen,  until  those  who  had 
previously  been  employed  as  shipwrights  in  bmlding  wooden  vessels 
were  in  a  short  time  enabled,  by  the  assistance  of  improved  tools 
and  appliances,  to  compete  with  more  practised  hands,  and  to  cope 
easily  with  the  heavy  modem  work.  Improvements  in  the 
construction  of  iron  ships  were  then  rapidly  developed.  New  tools 
were  called  for  and  produced,  by  means  of  which  the  work  has  been 
materially  improved  and  facilitated ;  the  edges  of  the  plates  are  now 
planed  to  make  perfectly  fitting  joints,  and  multiple  drilling 
machines  are  rapidly  coming  into  use  for  drilling  a  large  number  of 
holes  at  once  in  the  plates  or  keel  bars. 
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Another  important  feature  in  connection  with  improved  tools  is 
the  direct  application  of  steam  power  to  individual  ma<;liines, 
especially  those  for  the  purpose  of  punching  and  shearing  plates  or 
cutting  bars,  &c.,  by  the  combination  of  a  small  steam  engine  with 
each  machine;  thus  rendering  the  machines  portable,  entirely 
self-contained,  and  independent  of  other  sources  of  driving  power, 
and  thereby  saving  in  many  instances  the  necessiiy  of  running  a 
large  engine  and  quantity  of  shafting  to  drive  only  one  or  two 
machines,  when  pressed  for  the  work  upon  which  they  are  engaged, 
and  entirely  dispensing  with  shafting  and  the  usual  attendant 
expenses.  By  this  means  and  by  the  use  of  an  underground  steam 
pipe  with  branches  at  convenient  points,  either  in  workshops  or 
along  the  sides  of  docks,  these  machines  may  be  moved  about  to  any 
part  required,  and  thus  obviate  the  inconvenience  and  loss  of  time 
in  carrying  work  to  and  from  the  machines.  Steam  pipes  of  great 
length  are  now  being  used  and  are  found  very  satisfactory  for 
purposes  of  this  description;  and  this  plan  makes  a  much  more 
convenient  and  less  costly  arrangement  than  shafting,  which 
requires  constant  attention. 

In  the  earUer  construction  of  the  Lathe  the  slide  rest  was  the 
first  great  step  towards  the  principle  of  the  sHde  lathe,  and  no  doubt 
led  to  that  invention,  which  was  considered  impracticable  before 
planing  machines  were  made  of  sufficient  magnitude  to  plane  a  lathe 
bed  of  even  smaU  dimensions.  A  few  shde  lathes  had  indeed  been 
made,  the  beds  of  which  were  composed  of  a  timber  framing,  covered 
with  iron  plates  on  the  upper  side  to  preserve  the  surfebce,  similar  to 
those  which  were  previously  used  for  the  ordinary  hand  lathes,  with 
the  exception  that  the  outer  edges  of  the  iron  plates  were  made  of 
suitable  shape  to  form  the  Vs  for  the  carriage  to  sUde  upon.  It 
was  not  however  until  some  time  after  the  introduction  of  the 
planing  machine  that,  the  cost  of  workmanship  being  considerably 
lessened,  sHde  lathes  came  into  general  use  and  their  utility  was 
folly  acknowledged  and  attention  directed  to  their  improvement. 

The  application  of  a  screw  to  the  slide  lathe,  so  as  to  render  it 
capable  of  both  sliding  and  screw-cutting,  was  the  next  important 
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improvement ;  and  a  great  amonnt  of  time,  perseverance,  and  capital 
was  expended  by  a  few  persons  in  endeavonring  to  perfect  this 
portion  of  the  lathe.  A  short  screw  was  first  made  as  accurately  as 
possible,  with  the  rude  means  then  possessed,  from  which  one  was 
cnt  double  the  length,  by  changing  the  turned  bar  end  for  end  in 
the  lathe  after  cutting  one  half.  Subsequently  by  following  out 
this  principle  screws  were  capable  of  being  made  of  any  length 
required. 

Afber  this  the  sur&cing  motion  was  introduced ;  and  also  the 
use  of  a  shaft  at  the  back  of  the  lathe,  in  addition  to  the  regulator 
screw,  for  driving  the  sliding  motion  by  rack  and  pinion,  instead  of 
both  the  motions  of  sliding  and  screw-cutting  being  worked  by  the 
screw  alone.  For  it  was  found  that  the  threads  of  that  portion  of 
the  screw  nearest  the  fast  headstock,  being  most  in  use,  were 
worn  thinner  than  the  other  parts ;  and  in  consequence  the  lathe 
did  not  cut  a  long  screw  with  the  degree  of  accuracy  which  it 
otherwise  would  have  done. 

Thus  step  by  step  improvements  were  gradually  brought 
forward;  the  four-jaw  and  universal  chucks  and  other  important 
appliances  were  added,  so  as  to  render  the  lathe  applicable  to  a 
great  variety  of  work,  even  cutting  spiral  grooves  in  shafts,  scrolls 
in  a  face  plate,  skew  wheels,  and  also  turning  articles  of  oval, 
spherical,  or  other  forms.  The  duplex  lathe,  with  one  tool  acting 
in  front  and  the  other  behind  the  work,  is  also  found  to  be  a 
very  useftd  arrangement  for  sliding  long  shafts,  cast  iron  rollers, 
cylinders,  and  a  great  variety  of  work,  where  a  quantity  of  the 
same  kind  and  dimensions  has  to  be  turned. 

The  lathe  shown  in  Fig.  1,  Plate  59,  is  an  improved  lathe 
designed  for  the  purpose  of  turning  long  shafts,  screws,  or  other 
articles.  The  bed  A  is  40  feet  long,  cast  in  one  piece  and  planed 
the  entire  length  at  once.  It  is  provided  with  two  pairs  of 
headstocks,  placed  right  and  left  hand,  each  pair  having  its  own 
carriage  and  tool  rest,  and  working  entirely  independent  of  the 
other ;  the  one  pair  B  B  being  15  inches  high  to  the  centre,  and  the 
other  C  C  12  inches  high.  In  connection  with  the  larger  head- 
stocks  B  B  is  a  regulator  screw  running  through  the  entire  length 
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of  the  bed,  by  means  of  which,  when  the  other  headstocks  CC  are 
removed,  a  screw  35|  feet  long  may  be  cnt  at  once.  The  smaller 
headstocks  G  0,  by  means  of  a  separate  shaft  at  the  back  of  the 
lathe,  are  capable  of  sHding  an  article  25  feet  long,  and  can  also 
if  required  be  provided  with  a  screw-cutting  arrangement.  Thns 
this  lathe  possesses  the  advantages  of  being  used  as  two  lathes  for 
work  of  an  ordinary  character,  but  at  the  same  time  a  very  long 
shaft  may  be  turned  when  required.  In  many  workshops  a  long 
lathe  is  an  absolute  necessity,  although  the  whole  length  of  the  bed 
may  not  be  required  many  times  during  the  year ;  and  xmless  some 
similar  arrangement  to  the  one  above  described  is  adopted,  a  large 
portion  of  the  lathe  bed,  taking  up  valuable  space,  would  remain 
idle  and  useless  the  greater  portion  of  the  time.  Again  in  sliding 
long  shafts  the  two  carriages  and  tools,  may  be  in  operation  at  once 
upon  the  same  piece  of  work,  and  thus  economise  time.  The 
headstocks  being  nlaced  right  and  left  hand,  the  loose  headstocks 
are  thus  able  to  accommodate  each  other  to  the  different  lengths  of 
work,  thereby  avoiding  the  necessity  of  moving  the  fast  headstock 
and  top  cone  pulley  when  any  work  above  half  the  total  length  of 
bed  is  to  be  turned. 

Eigs.  2,  3,  and  4,  Plates  59  and  60,  represent  a  sKde  lathe  for 
turning  large  marine-engine  crank-shafts  or  other  articles  up  to 
40  tons  weight,  or  screw  propellers  up  to  20  feet  diameter.  The 
headstocks  B  C  are  4  feet  6  inches  high  from  the  face  of  the  bed, 
which  is  40  feet  long.  The  main  driving  spindle  D  is  of  cast  iron, 
18  inches  diameter  in  the  front  bearing  and  12  inches  in  the  back 
bearing,  arranged  as  an  ordinary  treble-geared  lathe  which  can  be 
worked  single,  double,  or  treble  power.  The  cone  pulley  E,  the 
largest  speed  of  which  is  3  feet  6  inches  diameter  by  6  inches  wide, 
runs  loose  upon  the  spindle  D.  The  £Eu;eplate  F  is  12  feet  diameter 
and  has  on  the  back  a  large  internal  toothed  wheel  G,  Fig.  3.  By 
means  of  two  pairs  of  driving  pulleys  on  the  countershaft,  the 
lathe  may  be  worked  at  thirty  different  speeds,  to  suit  the  diameter 
of  articles  to  be  turned.  The  fast  headstock  casting  B  is  in  one 
piece,  and  without  spindle  or  appurtenances  weighs  11 J  tons.  It  is 
tied  to  the  bed  A  by  the  tie  plates  H,  Fig.  2.     The  bed  is  10  feet 
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wide  over  all,  and  is  composed  of  two  lathe  beds  AA,  Fig.  4,  eaob 
cast  in  one  piece  40  feet  long,  and  held  firmly  in  a  parallel  position 
by  distance  feet  or  foundation  plates  K,  having  strips  and  bolts  to 
bind  the  beds  in  their  places.  When  it  is  required  to  move  the  bed 
endways  to  accommodate  any  large  article  on  the  &c6pla^,  the 
strips  in  the  distance  feet  K  are  slackened  so  as  to  allow  the  two 
long  beds  AA  to  slide  throngh  them,  the  motion  being  given  at  the 
end  by  means  of  worm  wheels  and  screws  L,  Fig.  2.  The  end  foot 
or  distance  piece  K  nearest  the  fast  headstock  B  is  fixed  to  the 
long  beds  A  A  and  travels  with  them  npon  the  tie  plates  H,  so  as  to 
support  their  ends  whilst  turning  articles  on  the  faceplate  F.  Two 
self-acting  sliding  carriages  M  and  N  are  employed.  Fig.  2,  upon  one 
of  which  M,  Fig.  4,  is  a  slide  rest  of  ordinary  construction  and  great 
strength ;  the  other  carriage  N  has  a  rest  made  very  narrow,  with 
a  wrought  iron  tool  slide,  and  is  for  the  purpose  of  turning  out  crank 
sweeps.  The  self-acting  motion  is  driven  by  a  strap  from  the  spindle  D 
to  a  pulley  0  at  the  back  of  the  lathe,  Fig.  3,  and  is  provided 
with  a  reversing  apparatus  to  enable  the  carriages  to  sHde  in  both 
directions.  This  motion  can  be  thrown  out  of  gear  independently 
in  either  of  the  carriages  M  and  N,  which  are  provided  with  an 
arrangement  for  moving  them  on  the  bed  by  hand.  An  eye  bolt 
is  screwed  in  the  front  part  of  the  loose  headstock  C,  and  a 
corresponding  one  upon  the  nearest  carriage  N,  so  that  the  two  can 
be  coupled  by  a  short  chain  or  shackle,  and  the  loose  headstock  C 
can  thus  be  drawn  upon  the  surface  of  the  bed  A  to  any  required 
position  by  the  hand  motion  of  the  carriage  N.  The  total  weight  of 
this  lathe,  which  is  now  in  course  of  construction  for  the  Lancefield 
Forge  in  Glasgow,  will  be  upwards  of  70  tons. 

The  Planing  Machine  is  one  of  the  most  important  tools  in 
use,  and  has  done  more  towards  the  advancement  and  success  of 
engineering  work  than  any  other  invention,  with  the  exception  of 
the  lathe ;  and  has  passed  through  a  great  number  of  changes 
since  its  first  introduction  down  to  the  present  time. 

In  the  first  planing  machines  the  table  was  moved  by  means' 
of  a  chain  winding  on  a  drum,  as  in  the  old  hand  machines. 
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But  this  mode  was  found  to  be  very  objectionable :  the  cut  was 
unsteady,  and  when  the  tool  was  suddenly  relieved  at  the  end  of  its 
cut,  the  table  had  a  tendency  to  spring  forwards ;  it  was  also  driven 
at  the  same  speed  both  forwards  and  backwards,  and  thus  a  great 
loss  of  time  was  occasioned.  This  was  much  improved  upon  by  the 
use  of  a  rack  and  pinion,  arranged  to  give  a  quick  return  motion, 
and  also  afterwards  by  the  screw  arrangement.  Much  difference  of 
opinion  has  existed  as  to  the  relative  value  of  the  rack  and  the 
screw  for  driving  the  table  of  planing  machines.  The  writer  will 
not  therefore  go  into  this  question  ftirther  than  to  state  that  his 
own  long  experience  in  this  class  of  machines,  after  having  made  a 
lar^  number  with  both  appliances,  has  led  him  to  the  opinion  that 
the  rack  is  decidedly  the  most  preferable  mode  of  driving. 

In  some  of  the  earliest  planing  machines  the  Vs  were  made 
inverted,  evidently  with  the  idea  of  preventing  any  cuttings  that 
fell  upon  the  wearing  surfaces  from  remaining  upon  them.  They 
proved  however  to  possess  no  advantage  even  in  this  particular,  as 
the  finer  portions  of  the  cuttings  still  adhered ;  and  in  addition  it  was 
found  that  from  the  motion  of  the  table  the  oil  by  its  own  gravity 
would  not  remain  upon  the  surfaces,  and  thus  caused  them  to  cut 
and  wear  away  quickly.  They  were  afterwards  made  an  ordinary 
V  shape  and  fotmd  to  answer  much  better,  as  the  V  formed  a 
reservoir  to  contain  the  oil  in  a  groove  at  the  bottom,  from  which  it 
was  raised  at  each  stroke  by  the  motion  of  the  table  and  the 
apparatus  attached  for  that  purpose.  The  Vs  have  been  constructed 
of  difierent  angles  and  widths  of  sur&ce ;  but  it  is  the  writer's 
opinion  that  at  the  present  time  many  machines  are  made  with 
the  angle  too  obtuse,  and  the  surfaces  widened  to  too  great  an 
extent.  In  machines  with  very  shallow  Vs,  taking  a  heavy  cut  off 
a  light  article  with  the  tools  on  the  uprights,  the  table  is  liable  to 
shift  sideways,  causing  the  tools  to  dig  into  the  work  and  occasion 
much  mischief  Also  with  very  wide  Vs  the  table  when  making 
short  strokes  cannot  work  the  oil  up  to  the  top  of  their  surfeces, 
and  thus  allows  them  to  cut  or  gall.  The  writer  has  in  use  a  planing 
machine  with  a  bed  64  feet  long,  the  Vs  of  which,  shown  one 
quarter  fall  size  in  Fig.  6,  Plate  61,  have  only  2  inches  of  surface  on 
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each  side,  and  are  planed  to  an  angle  of  85  degrees.  This  macliine 
has  been  working  upwards  of  twenty  years,  and  for  the  last  six 
years  both  night  and  day ;  it  has  been  employed  dnnng  the  whole 
of  that  time  npon  very  heavy  work,  ranging  from  5  to  20  tons.  The 
Vs  are  still  in  good  condition,  apparently  very  little  worn,  and  the 
work  the  machine  does  is  at  the  present  time  perfectly  true.  The 
bed  is  in  three  parts  jointed  and  bolted  together,  and  the  table  in 
two  parts ;  since  at  the  time  it  was  made  there  was  no  machine 
capable  of  planing  a  very  long  piece,  and  this  was  considered  to  be 
one  of  the  largest  then  in  existence.  The  writer  has  also  a  planing 
machine  made  about  the  same  period  with  a  V  on  one  side  of  the 
bed  and  a  flat  surface  on  the  other,  which  plan  he  found  was  very 
objectionable,  on  account  of  the  two  surfaces  not  wearing  equally 
and  the  oil  working  off  the  flat  sur&ce. 

The  planing  machines  were  ftirther  improved  by  the  use  of  two 
toolboxes  on  the  cross  slide,  and  by  the  application  of  slide  rests  or 
toolboxes  fixed  upon  the  uprights,  self-acting  vertically,  for  planing 
articles  at  right  angles  to  the  tools  on  the  cross  slide.  The 
reversing  toolbox  is  a  very  ingenious  and  useftil  contrivance  for 
planing  flat  surfaces ;  but  that  plan  is  not  so  well  adapted  for 
general  purposes.  Planing  machines  have  like  other  tools  been 
specially  adapted  to  a  great  variety  of  work,  and  the  writer  hfts 
made  them  with  different  numbers  of  tools  up  to  as  many  as 
sixteen,  all  of  which  were  in  operation  at  once. 

The  great  changes  which  have  lately  taken  place  in  the 
manufacture  of  wrought  iron  and  steel  ordnance,  and  the  revolution 
they  have  caused  in  the  construction  of  vessels  of  war,  have 
called  into  requisition  a  great  many  alterations  and  adaptations 
of  the  present  machines,  as  well  as  many  entirely  new  ones.  The 
planing  machine  especially  has  been  called  upon  to  do  work  of  ft 
very  curious  and  intricate  character,  namely  that  of  planing  the 
edges  of  armour  plates  to  different  curves,  shapes,  or  angles.  In 
most  cases  this  has  been  accomplished  by  a  pattern  bar  of  iron  or 
steel,  placed  on  edge  in  a  small  chuck  fixed  upon  the  sur&ce  of  the 
table,  adjustable  by  set  screws,  and  shaped  to  the  form  to  which  it 
is  required  to  plane  the  edge  of  the  plate ;  iui  the  table  travels,  this 
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bar,  wliicb  nm3  between  two  circular  rollers  attached  to  the 
Tmderside  of  the  tool  slide,  moves  the  tool  sidevrays  according 
to  the  amount  of  curve  in  the  shaper  or  guide  bar,  the  toolbox 
being  disconnected  for  this  purpose  &om  the  screw  in  the  cross 
slide. 

Figs.  6  to  9,  Plates  61  and  62,  represent  one  of  the  Duplex 
Planing  Machines  made  by  the  vmter.  This  machine  is  arranged 
with  double  beds  A  A  and  double  tables  B  B,  Fig.  8,  each  table 
having  a  separate  set  of  gearing,  vnth  starting,  stopping,  and 
feed  motions.  There  are  two  toolboxes  G  G  on  the  cross  shde  D, 
each  of  which  is  independently  self-acting,  so  as  to  work  with  its 
own  table.  Thus  the  two  tables  may  be  used  separately  as  two 
smaller  machines  working  independently  of  each  other  and  capable 
of  planing  different  lengths  of  work  at  the  same  time ;  or  when 
planing  a  large  article  the  two  tables,  gearing,  and  motions  may  be 
coupled,  so  as  to  form  one  large  machine :  an  arrangement  rendering 
the  machine  capable  of  doing  a  great  variety  of  work.  Also  one  table 
may  be  fixed  stationary  as  a  bed-plate,  to  bolt  awkwardly  shaped  or 
long  pieces  of  work  upon,  whilst  they  are  planed  by  a  sKde  rest 
fixed  upon  the  other  table.  When  used  as  one  machine,  both  sets 
of  straps  and  gearing  are  in  operation,  and  are  reversed  by  the 
stops  of  one  table  only,  so  as  to  ensure  the  straps  moving  at  the 
same  time. 

The  machine  shown  in  Mgs.  6  and  8,  Plates  61  and  62,  is 
capable  of  planing  articles  10  feet  vnde  and  10  feet  high.  The 
racks  on  the  underside  of  the  tables  BB  are  3  inches  pitch, 
with  stepped  teeth,  as  shown  enlarged  in  the  plan.  Fig.  7;  the 
wheel  E  working  into  the  rack  is  3  feet  9  inches  diameter  at  the 
pitch  line,  and  is  driven  by  a  smaller  pinion  F,  Fig.  6 ;  the  large 
wheel  E  being  only  for  the  purpose  of  transmitting  the  power  from 
the  pinion  F  to  the  rack.  By  this  arrangement  the  large  wheel  E 
bas  a  better  hold  upon  the  rack,  and  a  steadier  motion  is  obtained ; 
and  also  the  pulleys  and  driving  gear  G  can  be  placed  entirely 
behind  the  fisu5e  of  the  uprights  H,  so  as  to  leave  the  front  of  the 
machine  perfectly  clear,  that  the  straps  may  not  be  in  the  way  when 
taking  the  work  off  and  on.     The  pulleys  G  being  below  the  ground 
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line  may  be  driven  by  a  horizontal  undergronnd  shaft  at  the  back  of 
the  machine,  and  no  straps  vrill  then  be  visible.  The  writer  has 
made  machines  of  this  description  with  beds  40  feet  long  to  plane 
work  np  to  14  feet  in  width,  the  beds  of  which  were  constructed 
the  same  as  shown  in  Fig.  9,  being  made  in  two  halves  A  A, 
which  are  jointed  longitudinally  with  a  projection  I  on  one  half 
fitting  into  a  corresponding  recess  in  the  other,  and  securely 
fastened  by  bolts  at  intervals  tlfroughout  the  entire  length. 

This  machine  is  particularly  well  adapted  for  planing  armour 
plates.  Two  plates  can  be  planed  at  once  on  each  table,  one  being 
placed  upright  and  the  other  horizontal,  so  as  to  be  operated  upon 
by  the  tools  on  the  cross  slide  and  the  upright  at  the  same  time ;  or 
whilst  two  plates  are  being  planed  on  one  table,  the  workman  may 
be  fixing  two  more  on  the  other,  and  thus  keep  the  machine 
constantly  employed.  One  workman  is  sufficient  to  attend  to  both 
sides  of  the  machine,  thereby  saving  labour.  By  having  a  stationary 
table  fixed  at  one  side  of  the  bed,  upon  which  the  four  ends  of  four 
other  armour  plates  are  bolted,  and  adding  an  angle  bracket  and 
slide  rest  upon  one  of  the  moving  tables,  the  four  ends  are  planed 
at  the  same  time. 

The  Slotting  Machine,  of  which  the  engineers  in  Glasgow  can 
justly  boast  the  heaviest  examples,  was  originally  introduced  for 
cutting  small  wheels,  levers,  Ac,  mostly  for  self-acting  mule  and 
loom  work ;  and  was  afterwards  adapted  to  a  great  variety  of  work 
by  the  application  of  a  circular  table,  which  was  an  improvement 
of  the  greatest  importance,  especially  in  large  machines  for  slotting 
or  shaping  large  cranks  or  other  similar  work  ;  this  is  now  done  to 
such  perfection  as  to  require  merely  drawfiling  and  polishing  to 
give  the  work  a  perfect  finish.  Many  kinds  of  quick  return  motions 
have  been  employed  for  the  purpose  of  saving  time  in  the  return 
stroke  of  the  tool,  and  to  give  it  a  regular  and  steady  movement  in 
the  cutting  direction.  Of  these  the  principal  are  the  eccentric 
wheels,  the  eccentric  motion,  and  lastly  the  lever  motion,  whicli 
makes  an  excellent  and  steady  movement  and  is  now  very  mucli 
applied  to  shaping  machines. 
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One  of  the  large  slotting  machines  made  by  the  writer  has  a  stroke 
of  3  feet,  and  the  framing  is  capable  of  taking  in  an  article  12  feet 
diameter ;  it  has  componnd  slides  and  a  self-acting  circular  table 
6  feet  diameter.  The  ram  moves  in  a  vertical  slide,  which  can  be 
raised  or  lowered  to  snit  the  depth  of  work  on  the  table,  so  as  to 
form  a  support  to  the  ram  when  taking  a  heavy  cut.  The  motion 
applied  to  the  tool  slide  is  the  lever  and  connecting  rod,  arranged  so 
as  to  gain  power  and  give  an  almost  uniform  motion  in  the  cutting 
direction  and  an  accelerated  speed  in  the  return  stroke. 

A  difference  of  opinion  exists  as  to  the  best  form  for  constructing 
slotting  machines,  whether  with  the  double  standard,  or  the 
projecting  single  frame.  For  machines  required  to  take  in  a 
very  large  diameter,  the  writer  would  give  the  former  plan  the 
preference. 

Figs.  10  to  14,  Plates  63  and  64,  show  a  Double  Lever  Punching, 
Shearing,  and  Angle  Iron  Cutting  Machine.  The  strong  hollow 
cast  iron  frame  A  A  is  planed  at  each  end  for  the  reception  of  the 
punching  slide  B  and  the  shearing  slide  0.  The  machine  is  put  in 
motion  by  a  steam  engine  D,  Fig.  11,  fixed  upon  the  outside  of 
the  framing,  and  connected  to  a  crank  pin  in  the  flywheel  E, 
driving  by  the  pinion  F  on  the  first  motion  shafb  into  the  large 
wheel  G,  Fig.  12,  which  has  cams  H  cast  on  each  side  in  opposite 
positions,  so  as  to  actuate  the  levers  KK  alternately.  These  cams 
are  provided  with  circular  rollers,  which  run  against  the  underside 
of  the  levers  K  during  the  operation  of  punching  or  shearing,  and 
thus  prevent  any  scraping  or  friction  of  the  surfaces  in  contact. 
The  levers  K  are  of  wrought  iron,  steeled  where  operated  upon  by 
the  cams  and  where  they  work  in  the  'slides  B  and  C,  having  the 
pins  I  for  their  frdcrums.  The  punching  slide  B,  shown  enlarged  in 
Fig.  14,  is  provided  with  a  block  J,  which  can  be  drawn  out  from 
under  the  end  of  the  lever  to  throw  the  punch  slide  out  of  gear^ 
At  the  shearing  end  C,  shovm  enlarged  in  Fig.  13,  an  adjustable 
stop  L  is  added  immediately  in  front  of  the  shears,  for  holding 
down  the  plate  whilst  shearing,  and  thus  causing  it  to  be  cut  square 
on  the  edge :  this  takes  the  strain  of  holding  down  the  plate  from 
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the  workman,  and  prevents  short  pieces  of  metal  fix)m  getting  down 
between  the  cutters  and  breaking  the  machine. 

Upon  the  end  of  the  centre  shaft  is  forged  an  eccentric  M, 
Fig.  10,  working  into  a  block  in  the  ram  N,  the  lower  end  of 
which  is  provided  with  snitably  shaped  cutters  for  shearing  bars 
of  angle  iron  0.  This  slide  is  placed  at  an  angle  of  45  d^rees, 
and  has  also  a  disengaging  motion,  so  as  to  be  thrown  out  of  gear 
whilst  a  long  bar  of  angle  iron  is  being  put  between  the  cutters  and 
set  to  the  propw  place  or  maarks  for  being  cut  off  correctly.  This 
slide  may  also  if  required  be  placed  in  a  vertical  position  for  cutting 
straight  bars.  .In  cutting  long  bars  of  bent  angle  iron  however, 
with  the  slide  N  placed  in  a  v^tical  position,  one  portion  of  the  bar 
would  project  either  upwards  or  downwards  at  an  angle  from  the 
ground,  and  would  consequently  be  very  awkward  for  the  workman 
to  hold ;  but  by  placing  the  slide  at  an  angle,  as  shovm  in  Fig.  10, 
the  bars  are  kept  in  a  horizontal  line  parallel  with  the  ground 
whilst  being  cut. 

This  machine  possesses  all  the  advantages  of  the  old  lever 
machine  and  the  eccentric  machine  combined ;  the  former  of  which 
has  long  been  acknowledged  to  be  the  most  simple  and  useful.  The 
cams  n.  Fig.  12,  are  constructed  of  such  a  shape  that  the  operation 
of  punching  or  shearing  is  completed  and  the  sHde  returned  to  the 
top  in  half  a  revolution  of  the  machine,  the  whole  sHde  remaining 
stationary  during  the  other  half  revolution  whilst  the  workman  is 
adjusting  the  plate  for  the  next  stroke.  This  enables  the  machine 
to  be  worked  one  third  quicker  than  eccentric  machines,  and  still 
leaves  the  workman  as  much  time  to  move  the  plate;  since  in 
eccentric  machines  the  punch  or  shears  is  always  being  either  raised 
or  lowered,  instead  of  being  stationary  during  part  of  each 
revolution.  The  levers  KK  are  left  sufficiently  long  and  heavy  at 
the  tail  end  to  overcome  the  weight  of  the  slides  B  and  C  and  the 
friction  of  the  punch  or  shears  upon  the  work.  Many  of  the  old 
machines  were  made  without  rollers  either  in  the  lever  end  or  in 
the  cam ;  and  in  consequence  of  the  wear  which  took  place,  the 
stroke  of  the  punch  or  shears  was  gradually  lessened  until  the  worn 
out  parts  had  to  be  renewed.    By  the  application  of  rollers  however 
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in  the  cams  H,  these  objections  are  entirdy  obviated ;  and  instead 
of  scraping  the  oil  from  the  wearing  snr&ces,  the  roller  tends  to 
keep  it  on. 

For  the  purpose  of  obtaining  greater  accnracy  in  dividing  ont 
<he  holes  in  bridge  plates,  boiler  or  ship  plates,  a  dividing  table 
has  been  nsed,  and  machines  have  been  arranged  to  punch  several 
holes  at  once.  This  was  certainly  a  great  improvement  upon  the 
old  method,  since  in  addition  to  the  accuracy  attained  very  much 
more  work  was  accomplished  in  the  same  amount  of  time.  Still 
the  work  was  not  of  a  satisfactory  description :  in  punching  the 
holes  the  iron  is  disturbed  or  firactured  for  some  Httle  distance 
round  the  hole,  thus  weakening  the  plate ;  and  in  consequence  of 
the  taper  which  there  must  necessarily  be  in  all  punched  holes,  the 
rivets  do  not  thoroughly  fill  up  the  space,  espedaJly  when  more 
than  two  plates  are  joined  together. 

The  foults  of  punched  work  above  mentioned  were  so  apparent 
when  wrought  iron  bridge  building  became  general,  that  they  led  to 
the  introduction  by  Messrs.  Cochrane  of  the  Multiple  Drilling 
Machine,  described  at  a  former  meeting  of  the  Institution  (see 
Proceedings  Inst.  M.  E.,  1860,  page  201),  for  drilling  a  large 
number  of  holes  at  once  in  bridge  plates. 

It  has  been  found  desirable  to  make  this  principle  of  drilling 
machine  more  universal  in  its  application,  and  a  machine  for  this 
purpose  is  shown  in  Figs.  15  and  16,  Plates  65  and  66,  The  strong 
base  plate  A  A  extends  the  entire  length  of  the  machine,  about 
18  feet,  with  three  circular  openings  along  the  centre  line,  large 
enough  to  admit  the  hydraulic  cylinders  C  C,  by  which  the 
table  BB  carrying  the  plate  to  be  drilled  is  raised  and  pressed 
against  the  drills  with  the  necessary  force.  The  end  frames  DD  are 
bolted  to  the  base  plate,  and  upon  them  are  fixed  guides  adjusted 
to  each  comer  of  the  table ;  they  also  support  the  girder  BE,  which 
carries  the  drill  frames.  The  ends  of  the  girder  are  fitted  in 
planed  grooves,  and  it  is  made  in  halves,  which  can  be  set 
wider  apart  without  altering  the  gearing,  by  inserting  cast  iron 
packings  of  the  requisite  thickness  and  longer  bolts  at  the  j(nnt  F, 
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Fig.  16.  The  two  halves  of  the  girder  can  also  be  turned  with  the 
drill  frames  inwards  if  required,  and  adjusted  to.  a  distance  of 
4  inches  apart  for  the  two  rows  of  holes  and  upwards. 

Each  drill  is  held  in  a  separate  frame  G,  as  shown  enlarged  in 
Figs.  17  to  20,  Plate  67.  These  frames  are  all  bolfced  on  the  girder  B 
at  the  proper  distance  apart  by  means  of  bolts,  the  heads  of  which 
are  in  T  grooves  cast  and  planed  in  the  girder.  Figs.  18  and  19, 
Two  small  projections  on  the  drill  frame  G-  are  planed  to  fit  the 
recesses  of  these  grooves,  as  seen  in  Fig.  18,  and  the  drill  frames  G 
are  thereby  all  held  at  exactly  the  same  height  and  are  easily  moved 
longitudinally  to  any  position  along  the  girder  E.  Each  drill 
spindle  is  fitted  with  an  adjustable  tail  pin  and  lock  nut  H,  which 
receives  the  upward  pressure  of  the  spindle ;  and  a  conical 
bearing  is  provided  at  the  lower  end  of  each  frame  G,  which 
prevents  the  drill  spindles  from  wearing  out  of  truth.  The  drills 
are  all  turned  parallel  for  a  short  distance  at  the  upper  end,  as 
shown  enlarged  in  Figs.  21  and  22,  and  fit  in  parallel  sockets,  which 
admit  of  short  drills  being  adjusted  to  the  same  length  as  longer 
ones,  by  putting  some  small  burrs  or  punchings  from  the  punching 
machine  of  the  required  thickness  into  the  drill  sockets  above 
the  drills ;  and  the  drills  are  fastened  in  the  sockets  by  a  set 
screw. 

Each  drill  spindle  is  driven  at  the  top  by  a  pair  of  spur  mitre 
wheels  II,  which  may  be  described  as  each  consisting  of  a  short 
section  of  a  3|  inch  diameter  twelve-threaded  screw,  of  which  the 
threads  are  about  12  inches  pitch ;  that  is  to  say  each  thread  or 
tooth  if  continued  would  make  one  complete  turn  round  its  shaft  in 
12  inches  length.  A  long  steel  shafb  J,  2^  inches  diameter,  with  a 
groove  throughout  its  length,  passes  through  each  drill  frame  G  and 
its  vertical  spur  mitre  wheel  I,  giving  motion  to  each  drill  spindle. 
This  shafb  is  driven  by  a  pair  of  strong  bevil  wheels  K,  Fig.  16, 
in  the  proportion  of  1^  to  1,  the  larger  one  being  on  the  shaft  J; 
and  the  wheels  K  take  their  motion  direct  from  the  pulley  shaft  L, 
which  is  driven  with  pulleys  3  feet  diameter  and  6  inches 
wide,  and  runs  at  about  90  revolutions  per  minute^  giving  about 
60  revolutions  per  minute  for  the  drills. 
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Tbe  application  of  tHe  spnr  mitre  wheels  II,  Figs.  17  to  20,  in 
this  machine,  for  driving  the  drill  spindles,  enables  the  spindles  to 
be  arranged  in  such  a  manner  that  they  are  capable  of  being  moved 
to  suit  different  pitches  of  holes.  In  consequence  however  of  the 
wheels  II  being  3|  inches  diameter,  holes  could  not  be  drilled  at  a 
less  pitch  than  that  dimension  with  a  single  driving  shaft  J ;  but 
another  application  of  the  same  mode  of  driving  is  shown  in 
Figs.  17  to  20,  by  means  of  which  the  drill  spindles  can  be  got  to 
within  2^  inches  from  centre  to  centre,  with  the  same  diameter 
of  driving  wheels  I :  this  is  effected  by  using  two  long  steel  driving 
shafts  J  J,  instead  of  a  single  one  as  previously  described,  each  shaft 
driving  every  alternate  drill  spindle. 

The  hydraulic  cylinders  CC,  Figs.  15  and  16,  are  similar  to 
those  of  hydraulic  presses,  and  are  used  to  raise  the  table  with 
the  work  on  it  up  to  the  drills,  instead  of  gearing  which  would 
necessarily  be  much  slower.  A  pair  of  strong  1^  inch  diameter 
pumps,  worked  by  eccentrics  on  a  shaft,  force  water  into  an 
accumulator,  which  consists  of  an  upright  cylinder  fitted  with  a 
piston  properly  weighted;  and  there  is  a  self-acting  apparatus 
which  throws  the  pumps  out  of  gear  when  the  accumulator  is  ftdl. 
The  hydraulic  cylinders  are  connected  with  the  accumulator  by  a 
two-way  cock;  and  on  turning  the  water  on,  the  table  B  immediately 
rises.  When  the  pressure  is  to  be  removed,  turning  the  cock  back 
stops  the  pressure  from  the  accumulator,  and  at  the  same  time 
allows  the  water  to  escape  from  the  cylinders,  causing  the  table  to 
fiJl  immediately.  The  working  pressure  of  water  is  about  3  cwts.  per 
square  inch,  which  produces  a  pressure  of  about  6  cwts.  per  drilL 
A  plate  is  drilled  in  12  to  15  minutes.  A  strong  parallel  motion 
gear  M  is  fixed  under  the  drill  table  B  to  prevent  it  from  lifting  at 
one  end  when  only  the  drills  at  the  other  end  are  being  used,  or 
when  only  one  row  is  in  use. 

These  drilling  machines  are  now  being  used  by  Messrs.  Kennard 
for  drilling  the  plates  and  bars  required  in  the  main  girders  of  the 
new  bridge  to  be  placed  over  the  Thames  at  Blackfriars.  The  truth 
of  the  drilled  holes  is  so  complete  that  when  a  nxunber  of  plates 
with  holes  drilled  for  1  inch  pins  are  put  together  indiscriminately, 
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and  four  turned  pins  passed  through  the  comer  holes,  the  holes  fit 
So  accurately  throughout  the  entire  lot  of  plates  that  a  pin  1  inch 
diameter  can  be  driven  through  the  lot  at  any  hole  with  a  light 
hand  hammer.  In  consequence  of  this  superiority  of  the  work,  a 
great  diminution  in  the  cost  of  labour  takes  place  in  putting  the 
parts  together,  saving  the  drifting  of  the  holes  and  the  strain  put 
upon  the  plate  which  necessarily  takes  place  when  rivetting 
punched  holes.  In  addition  to  this  the  fibre  of  the  iron  retains  all 
its  strength  and  tenacity,  and  there  can  be  no  doubt  that  the  extra 
work  of  manufacture  is  ftdly  compensated  for  by  the  greater 
strength  of  construction,  and  the  decrease  of  cost  in  putting  the 
plates  together. 

Several  other  useftil  machines  are  constructed  for  bridge  and 
ship  building  purposes,  amongst  which  may  be  named : — a  machine 
for  shearing  plates  up  to  1  inch  thick  with  revolving  circular  shears ; 
machines  for  planing  plates  with  a  travelling  tool,  and  also  with 
a  revolving  circular  disc  containing  a  number  of  tools;  and 
machines  for  bending  garboard  strakes,  angle  iron,  and  deck  beams 
for  ships. 

A  Nut  Making  Machine  is  shown  in  vertical  section  in 
Figs.  23  to  25,  Plates  68  and  69 ;  the  principal  features  of  which 
are  the  manufacture  of  nuts  from  a  heated  bar  of  iron  at  a  single 
operation,  by  cutting  off  from  the  bar  a  piece  to  form  the  blank, 
which  is  swaged  into  shape  and  the  hole  punched  through  it  while 
still  hot.  The  blank  is  powerfttlly  compressed  between  the  pair  of 
swages,  while  in  the  diebox,  before  the  hole  is  punched,  in  order  to 
nlake  the  nut  solid  and  to  shape  it  with  smoothness  and  precision ; 
and  the  hole  is  then  punched  while  the  nut  is  still  confined  in  the 
diebox  and  under  the  heavy  pressure  of  the  swages,  so  that  it  is 
prevented  from  bursting  or  straining  during  the  operation  of 
punching.  Figs.  24  and  25,  Plate  69,  illustrate  the  working  of  the 
machine,  in  which  the  end  of  the  heated  bar  A  being  pushed  up  to 
the  stop  B  is  cut  off  by  the  descent  of  the  diebox  C  on  to  the 
stationary  die  J ;  and  the  blank  cut  off  being  enclosed  in  the  diebox  C 
i9  then  subjected  to  severe  compression  by  the  descent  of  the  upper 
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swage  I,  whicli  works  within  the  diebox  C  and  fills  it  closely. 
The  blank  is  then  punched  by  the  descent  of  the  pnnch  D,  whilst 
still  nnder  compression  in  the  diebox  C ;  and  the  finished  nut  is 
liberated  by  the  rising  of  the  diebox  0  and  pnnch  D,  whilst  the 
Tipper  swage  I  remains  stationary  and  pushes  the  nut  out  below. 

The  diebox  C,  Figs.  24  and  25,  is  carried  on  the  crosshead  E, 
and  consists  of  a  cast  iron  block,  into  which  is  fitted  the  steel 
die  having  a  hole  to  correspond  with  the  shape  of  nut  required 
to  be  made.  The  die  is  held  down  in  the  diebox  by  a  circular 
wrought  iron  plate  or  washer  let  into  the  recess  in  the  top 
of  tlie  block.  The  upper  swage  I  is  made  of  steel,  and  corresponds 
in  size  and  shape  with  the  diebox  in  which  it  is  to  work ;  the  uppcj. 
end  is  enlarged,  to  prevent  it  from  dropping  out  when  the  diebox 
rises.  The  hole  drilled  through  the  centre  of  the  upper  swage  I, 
for  the  punch  D  to  work  through,  is  made  larger  at  the  upper  end, 
and  small  enough  at  the  lower  end  for  about  half  an  inch  of  its 
length  to  fit  the  bottom  end  of  the  punch  D,  which  makes  the  hole 
in  the  nut.  The  bottom  face  of  this  swage  I  is  slightly  recessed,  in 
order  to  form  the  impression  of  a  washer  upon  the  upper  face  of  the 
nut.  The  lower  swage  or  stationary  die  J  is  made  of  steel,  and  has 
also  a  hole  through  its  centre  for  the  reception  of  the  burr  punched 
out  by  the  punch  D. 

The  end  of  the  heated  bar  A,  Fig.  24,  is  laid  upon  the  rest  F, 
which  is  fixed  upon  the  crosshead  E  that  carries  the  diebox ;  and  as 
soon  as  the  knocker  G,  Fig.  23,  has  passed  from  between  the  upper 
and  lower  swages,  the  bar  is  pushed  forwards  up  against  the  stop  B, 
as  shown  in  Fig.  24.  The  cam  H,  Fig.  23,  upon  the  main  driving 
shaft  0  of  the  machine,  then  depresses  the  crosshead  E  by  means 
of  the  lever  K ;  and  the  blank  to  form  the  nut  is  thus  sheared  off 
from  the  end  of  the  bar  A  by  the  diebox  0,  and  enclosed  within  the 
dieboic,  as  seen  in  Fig.  25.  For  although  the  diebox  C,  at  the 
moment  of  begirming  to  descend,  is  filled  by  the  swage  I,  there  is 
nothing  to  cause  the  descent  of  this  swage  until  after  the  blank  has 
been  sheared  off  and  enclosed  in  the  diebox ;  then  the  crosshead  E 
comes  in  contact  with  the  check  piece  L,  which  presses  upon  the 
top  of  the  swage  I,  and  the  ftirther  descent  of  the  crosshead  through 
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the  last  portion  of  its  stroke  thereby  compresses  the  blajik  between 
the  swages  I  and  J,  while  still  confined  in  the  diebox.  The  second 
cam  M,  Fig.  23,  upon  the  cam  shaft  0,  now  draws  down  the  other 
crosshead  N,  in  which  is  fixed  the  punch  D,  Fig.  25,  for  perforating 
the  blank.  The  cams  H  and  M  are  so  shaped  that  the  punch  is 
made  to  pass  dovm  throng  the  blank  and  out  again,  before  the 
blank  is  relieved  from  the  pressure  of  the  swages ;  so  that  the  metal 
is  strongly  compressed  both  before  the  punching  and  during  the 
whole  time  the  punching  is  being  performed.  After  the  punch  has 
been  withdrawn,  the  diebox  C  is  carried  up  again  by  the  return 
motion  of  the  cam  H ;  and  the  finished  nut  being  tight  in  the 
diebox  would  be  carried  up  witii  it,  but  the  swage  I  is  prevented 
&om  rising  through  more  than  half  the  stroke  of  the  diebox, 
by  means  of  the  set  screw  P,  Fig.  24,  which  stops  the  ascent  of 
the  check  piece  L.  The  nut  is  thus  pushed  out  of  the  diebox  by 
the  swage  I,  and  is  ready  to  be  knocked  off  by  the  revolving 
arm  G,  Fig.  23,  which  is  driven  by  bevil  wheels  from  the  cam 
shaft  0. 

The  dies,  swages,  and  punch  are  so  fixed  to  the  machine  that  they 
can  easily  be  removed  and  replaced  by  others  of  different  sizes  :  by 
this  means  the  same  machine  may  be  used  for  making  nuts  of  various 
sizes  and  shapes.  Two  of  these  machines  have  now  been  at  work 
at  the  writer's  works  in  Manchester  for  upwards  of  five  years.  With 
the  aid  of  a  good  ftimace,  from  15  to  20  cwts.  of  f  or  1  inch  nuts 
can  be  produced  in  a  working  day  of  10  hours,  the  machine  running 
at  60  revolutions  per  minute.  All  the  nuts  possess  the  same  degree 
of  accuracy  in  shape,  the  sides  being  parallel  to  each  ot^er,  and  the 
hole  being  punched  perfectly  central  whilst  the  nut  is  under  pressure 
in  the  diebox.  The  iron  is  fed  into  the  machine  at  a  welding  heat, 
and  the  pressure  put  upon  it  by  the  swages  in  the  diebox  has 
the  effect  of  closing  up  the  fibres  of  the  iron,  as  seen  in  the  samples 
exhibited,  making  the  nuts  very  much  stronger  than  those  forged  in 
the  ordinary  way  by  hand.  The  holes  punched  are  perfectly  clean 
and  regular,  and  have  no  scale  inside  them  to  injure  or  chafe  the 
threads  of  the  taps,  when  being  screwed. 
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A  Bolt  Heading  Machine,  similar  in  some  of  its  principal 
parts  to  tlie  nnt  making  macbine  just  described,  is  shown  in 
Pigs.  26  and  27,  Plates  70  and  71.  Fig.  26  is  a  general  plan  of 
the  machine,  and  Mg.  27  is  a  sectional  plan  to  a  larger  scale, 
showing  the  arrangement  and  operation  of  the  dies  and  the 
heading  swage.  The  dies  A  and  B,  Fig.  27,  which  enclose  the 
long  end  of  the  bolt  C  to  be  headed,  are  divided  longitudinally 
down  the  centre,  one  half  A  being  carried  by  the  stationary 
brackets  D,  and  the  other  half  B  by  the  shearing  slide  E,  to 
which  a  reciprocating  motion  is  given  by  the  cam  F,  Fig.  26. 
At  the  outer  end  of  the  stationary  die  A  is  fixed  a  steel  cutter  I 
of  exactly  the  same  form  as  the  die  A ;  and  in  a  similar  position 
in  the  shearing  sHde  E  is  a  corresponding  steel  cutter  J,  projecting 
for  the  purpose  of  cutting  off  from  the  bar  of  iron  the  length  0 
for  making  the  bolt.  The  dies  A  and  B  are  made  in  short 
len^hs,  so  that  the  total  length  can  be  increased  or  diminished 
by  inserting  pieces  of  different  thickness,  whereby  bolts  can  be 
made  of  any  length  from  1  up  to  12  inches ;  the  remainder  of 
the  space  being  filled  up  by  packing  pieces,  and  the  whole  firmly 
held  together  by  the  bolts  G. 

The  bar  of  iron  for  forming  the  bolt  C,  Fig.  27,  heated  to  a 
welding  state  for  a  short  distance  only  at  the  end,  and  of  the  same 
diameter  as  the  screwed  portion  of  the  bolt,  is  inserted  between 
the  dies  A  and  B  while  open,  and  pushed  in  up  to  the  heading 
swage  H,  the  length  of  which  is  adjustable  so  as  to  measure  off 
the  iron  to  the  correct  length  for  making  bolts  with  different 
thicknesses  of  head.  As  soon  as  the  bar  is  inserted  between  the 
dies,  the  shearing  slide  E  carrying  the  die  B  and  cuttei'  J  being 
pressed  forwards  by  the  cam  F  cuts  off  the  length  C  for  forming 
the  bolt ;  the  cutter  and  die  B  then  remain  stationary  in  this 
position  and  hold  the  bolt  0  firmly  between  the  dies  A  and  B  until 
the  formation  of  the  head  is  completed.  The  diebox  K  is  now  moved 
forwards  by  the  cams  L  and  slide  M,  until  it  touches  the  face  of  the 
dies  A  B ;  when  immediately  the  centre  ram  N  carrying  the  heading 
swage  H  is  advanced  by  the  cam  O,  and  compresses  the  heated 
metal  so  as  to  fill  the  diebox  K  and  form  the  bolt  head.     The 
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heading  swage  H  then  remains  stationary  whilst  the  diebox  K  is 
drawn  back  clear  of  the  bolt  head,  when  the  swage  also  retires  to 
its  original  position.  The  shearing  slide  E  is  then  withdrawn  by 
the  cam  F,  leaving  the  bolt  0  in  the  stationary  half  A  of  the 
dies  ;  and  a  knocker  P  actuated  by  a  cam  at  the  side  of  the  large 
wheel  B,  Fig.  26,  strikes  the  finished  bolt,  and  discharges  it  from 
the  dies. 

This  machine  makes  about  30  strokes  per  minute,  and  is  capable 
of  producing  a  bolt  at  each  stroke,  provided  it  be  supplied  with  the 
iron  at  a  proper  heat.  The  bar  of  iron  is  heated  only  at  that 
portion  which  is  to  form  the  head,  the  remainder  or  bolt  end  being 
cut  off  cold.  The  object  of  this  is  to  prevent  the  bolts  from  being 
scaled  their  whole  length  through  the  action  of  the  fire.  '  Some 
sample  bolts  made  by  one  of  these  machines  are  exhibited  to  the 
meeting.  The  ram  N  carrying  the  heading  swage  H  is  acted  upon 
by  the  cam  O  through  the  intervention  of  a  lever  S,  through  which 
the  whole  pressure  is  transmitted ;  and  the  bottom  end  of  this 
lever  is  centred  upon  an  oak  beam  fixed  inside  the  filming  of  the 
machine,  which  being  slightly  elastic  prevents  the  machine  from 
being  broken  in  the  event  of  more  iron  being  inserted  into  it  than 
is  required  to  make  the  bolt  head.  In  consequence  of  this  provision 
a  bolt  has  been  made  without  breaking  the  machine  vnth  a  head  as 
much  as  1^  inch  thick,  when  the  dies  were  set  to  make  it  only  f  inch 
thick  :  this  bolt  is  also  exhibited  to  the  meeting. 

There  are  a  great  variety  of  special  tools,  for  railway  and 
machine-making  purposes,  which  the  writer  has  been  obliged  to 
pass  over,  and  which  would  form  ample  material  for  another  paper. 

In  conclusion  it  may  be  remarked  that  the  opinion  is  now 
universal  that,  without  extraordinary  strength,  rigidity,  and  power 
in  tools,  their  work  cannot  be  accomplished  either  quickly  or  well. 
Accuracy  in  the  manufisicture  of  tools  and  their  universal  application 
have  had  a  great  effect  in  the  perfection  of  the  work  executed  and 
in  the  facihty  and  economy  of  its  performance.  By  the  assistance 
of  gauges  for  different  parts  of  machinery,  the  advantages  of 
engineering  tools  have  been  more  ftiUy  realised ;  and  no  engineering 
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work  of  whatever  magnitude  need  now  remain  nnaccomplislied  for 
want  of  tools. 

Notwithstanding  the  length  of  time  during  which  the  improve- 
ment of  tools  has  been  in  progress,  and  the  great  advance  that  has 
been  made,  it  may  be  said  that  at  the  present  time  there  is  a  wider 
field  for  improvement  than  ever,  and  a  constant  and  increasing 
demand  for  tools  of  novel  construction  for  special  purposes. 


The  President  remarked  that  they  were  greatly  indebted  to 
Mr.  Fletcher  for  his  very  interesting  paper  just  read,  which  had 
been  kindly  prepared  by  him,  as  one  of  the  oldest  manufacturers  of 
heavy  engineering  tools  in  the  country,  in  compliance  with  the 
special  request  of  the  Local  Gonmiittee,  for  the  occasion  of  the 
present  meeting  of  the  Institution  in  Glasgow. 

He  enquired  respecting  the  nut  making  machine  described  in 
the  paper,  what  quantity  of  nuts  was  produced  by  the  machine  in 
regular  work  before  the  punch  and  diebox  required  facing  up  again, 
and  whether  the  punch  and  diebox  did  not  get  hot  in  working. 

Mr.  Fletcher  repHed  that  the  punch  and  die  generally  required 
facing  up  about  once  a  day,  and  lasted  about  six  or  seven  months  in 
almost  constant  use  before  requiring  to  be  replaced :  they  produced 
on  the  average  about  a  ton  of  nuts  vnthout  facing  up.  A  large  jet 
of  cold  water  was  kept  constantly  playing  upon  the  punch  to  prevent 
its  becoming  hot ;  and  with  the  machine  running  at  the  speed  of 
60  to  70  revolutions  per  minute,  the  time  that  the  heated  metal  was 
in  the  diebox  was  so  short  that  it  scarcely  produced  any  effect  in 
heating  the  dies.  At  first  the  machine  had  been  run  at  30  to  40 
strokes  per  minute,  but  the  speed  was  afterwards  increased  to  50 
and  then  to  70  revolutions  per  minute,  as  it  was  found  the  faster  it 
was  driven  the  better  was  the  diebox  kept  from  heating.  Beyond 
70  revolutions  per  minute  however  he  did  not  think  the  workman 
could  keep  up  with  the  feeding,  which  had  to  be  learned  by  practice, 
the  same  as  in  working  other  machines  running  at  high  speeds. 
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The  bar  of  iron  from  whicli  tHe  nuts  were  made  had  to  be  tamed 
oyer  at  each  time  of  feeding,  becanse  the  diebox  in  shearing  off  the 
piece  of  iron  to  form  the  nut  bevilled  the  edge  of  the  iron  a  little ; 
bnt  by  turning  it  over  each  time  the  bevil  was  reversed  for  the  next 
nut,  and  the  nuts  were  thus  made  all  sound  and  solid  throughout 
without  any  deficiency  of  metal  or  any  imperfect  places  upon  the 
external  surfaces.  The  workman  soon  became  expert  by  practice  in 
turning  the  bar  of  iron  and  feeding  the  machine  with  perfect 
regularity  up  to  the  speed  of  about  70  revolutions  per  minute. 

The  President  enquired  whether  the  common  iron  was  found 
good  enough  to  make  nuts  from  by  the  machine. 

Mr.  Eletcheb  exhibited  some  specimens  of  the  nuts  made  by  the 
machine  from  common  iron,  which  had  been  split  open  afterwards 
by  a  taper  punch  for  the  purpose  of  showing  the  nature  of  the 
fracture,  and  it  was  seen  in  all  of  these  that  the  metal  was  closely 
compressed  and  condensed  and  made  thoroughly  sound  in  the 
process  of  forming  the  nut.  The  hot  iron  blank  was  confined  in 
the  diebox  and  compressed  by  a  heavy  pressure  during  the  operation 
of  punching  out  the  bolt  hole,  and  it  was  found  that  by  this  means 
the  nuts  made  by  the  machine  from  common  iron  were  as  strong  as 
nuts  made  from  best  iron  punched  in  the  ordinary  way.  Some  of 
these  nut  making  machines  had  now  been  at  work  in  Glasgow  for 
several  years. 

Mr.  W.  MoLellan  said  he  had  two  of  the  nut  making  machines 
now  at  work,  which  had  been  working  regularly  for  about  two  years 
in  Glasgow,  and  were  found  to  answer  very  well  indeed.  In  first 
beginning  to  work  them,  the  machines  had  been  driven  at  only 
about  50  revolutions  per  minute,  as  it  was  feared  the  workman 
would  not  be  able  to  feed  at  a  higher  speed:  afterwards  however 
the  speed  was  increased  to  60  revolutions  per  minute,  at  which  the 
machine  was  found  to  work  better ;  the  tools  lasted  longer,  without 
so  many  breakages  as  at  the  lower  speed  of  50  revolutions.  With 
regard  to  fi^cing  the  dies,  he  had  found  they  would  work  considerably 
longer  than  had  been  stated  before  requiring  fikcing  up,  for  the 
machines  at  his  works  had  turned  out  as  much  as  2|  tons  of  nuts 
each  with  one  set  of  dies  without  facing  up. 
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Mr.  J.  Ej:nnan  enquired  what  metal  the  dies  were  made  of  in 
the  nut  making  machine,  whether  steel  or  chilled  cast  iron. 

Mr.  Fletcher  replied  that  he  had  nsed  chilled  cast  iron,  malleable 
cast  iron,  and  steel  for  the  dieboxes,  and  had  found  that  ordinary- 
cast  iron  chilled  was  about  the  best  material  for  the  purpose ;  the 
swages  and  punch  working  through  the  diebox  had  never  been 
made  of  anything  but  steel. 

Mr.  H.  Maudslay  remarked  that  the  gradual  introduction  of 
drilHng  machines  during  the  last  few  years  for  making  the  rivet 
holes  in  plates  of  girders  and  bridge  work  generally,  in  place  of 
puncliing  them  as  formerly,  appeared  to  be  attributed  in  the  paper 
just  read  to  the  defective  character  of  the  work  performed  by  the 
punching  machine,  and  the  difficulty  of  getting  a  good  joint  with 
two  punched  plates  rivetted  together.  This  however  he  thought 
was  not  the  case ;  and  when  it  was  considered  that  the  punching 
machine,  since  its  invention  as  a  self-adjusting  and  self-feeding 
machine  by  the  late  Henry  Maudslay  some  forty  years  ago,  had 
been  increasingly  employed  for  all  rivetted  work,  and  had  been 
adopted  for  iron  shipbuilding  purposes  in  aU  the  dockyards  in 
the  country,  while  it  was  also  employed  at  the  present  time  in 
the  manufiicture  of  steam  boilers  for  working  at  pressures  up  to 
250  lbs.  per  square  inch,  he  thought  the  modem  practice  of  drilling 
the  rivet  holes  for  bridge  work  could  not  be  accounted  for  by  the 
workmanship  produced  by  the  punching  machine  being  inferior. 
The  real  reason  he  believed  was  to  be  found  in  the  circumstance 
that  in  ordinary  boiler  work  there  were  only  two  plates  to  be 
rivetted  together,  vnth  a  lap  joint,  and  the  rivet  holes  were  all 
along  the  edges  of  the  plates ;  but  in  the  present  construction 
of  large  plate-iron  girders,  where  the  thickness  of  the  girder  was 
made  up  by  four  or  five  plates  rivetted  together  with  butt  joints, 
ihe  plates  were  arranged  to  break  joint  with  one  another,  so 
that  there  should  not  be  more  than  one  butt  joint  at  any  one 
place  ;  and  consequently  the  rivet  holes  came  in  all  positions  in  the 
plates,  from  the  edges  to  the  centre,  and  no  punchiug  machine  that 
had  ever  been  made  would  be  large  enough  to  take  in  all  the  plates, 
for  punching  through  all  the  thicknesses  simultaneously,  nor  could 
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the  plates  be  ptmched  separately  with  sufficient  regularity  in  the 
position  of  the  holes  for  enabling  them  to  come  together  afterwards 
with  the  perfect  accnracy  necessary  in  that  description  of  work.  It 
was  therefore  inevitable  to  resort  to  drilling  for  that  sort  of  work,  in 
order  to  have  the  means  of  making  the  holes  in  any  position  in  the 
plates,  and  with  such  regularity  thh.t  they  should  correspond  with 
perfect  accuracy  throughout  the  whole  series  of  plates. 

Mr.   Fletcher    explained    that    in    alluding   to   the   defective 
workmanship  of  punching  machines  for  making  rivet  holes  he  had 
referred  only  to  the  case  of  wrought  iron  bridge  building,  where 
girders  were  composed  of  a  number  of  thicknesses  of  plates  rivetted 
together.     If  punched  holes  were  employed  in  that  description  of 
work,  they  were  inevitably  made  slightly  tapering  by  the  process  of 
punching;    and  when  five  or  six  punched  plates  were  brought 
together  for  rivetting  up,  the  rivet  could  only  be  made  to  fill  the 
holes  in  the  two  outside  plates,  and  merely  passed  through  the  inside 
plates,  without  touching  them  except  just  at  the  smallest  part  of  the 
hole.   For  ordinary  boiler  making  and  similar  purposes,  where  there 
were  only  two  plates  to  be  rivetted  together,  it  was  perhaps  possible 
that  punched  holes  might  make  a  stronger  joint  than  drilling,  if 
care  was  taken  to  punch  the  holes  the  right  way  and  then  put  the 
plates  together  with  the  small  ends  of  the  holes  next  to  each  other ; 
but  even  then  the  holes  would  not  be  any  better  filled  by  the  rivets 
than  they  would  be  if  made  by  drilling,  and  drilling  gave  the  means 
of  filling  the  holes  completely  by  the  rivets  through  any  number  of 
plates  that  had  to  be  put  together.     But  as  to  injuring  the  quatity 
of  the  iron  round  the  hole,  there  was  no  doubt  that  punching  must 
do  so  to  some  extent,  by  the  splitting  strain  put  upon  the  metal  by  the 
punch ;  and  this  was  clearly  shown  by  cutting  open  plates  rivetted 
with  punched  holes  and  with  drilled  holes,  when  the  difference 
in  the  state  of  the  metal  round  the  holes  in  the  two  cases  was 
plainly  seen. 

The  President  enquired  whether  any  difficulty  had  been  found  in 
the  multiple  drilling  machine,  from  the  drills  not  working  equally 
after  they  had  worked  a  length  of  time,  and  thereby  not  drilling  the 
holes  with  the  required  accuracy  in  the  plates. 
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Mr.  Fletcher  replied  that  there  had  not  been  the  slightest 
difficulty  from  that  cause,  and  the  whole  of  the  work  done  bj  the 
drilHng  machine  was  so  uniform  that  the  plates  were  put  together 
indiscriminately  with  perfect  accuracy.  He  had  seen  a  girder  some 
time  ago  at  Messrs.  Kennard's  works  at  Crumlin,  in  which  there 
were  four  thicknesses  of  plate  in  the  flanges  and  six  thicknesses  at 
the  joints,  all  with  holes  drilled  by  one  of  these  machines,  put 
together  ready  for  rivetting  up ;  and  in  walking  over  a  length  of 
200  feet  along  the  top  of  the  girder  with  an  iron  rod  turned  to  the 
size  of  the  drilled  holes,  he  had  been  able  to  drop  the  rod  easily 
through  all  the  four  or  six  thicknesses  of  plates'  at  every  hole  that 
he  bad  tried.  The  saving  of  time  therefore  in  putting  such  a  girder 
togetlier  and  rivetting  up  must  be  very  great  indeed  as  compared 
with  a  girder  constructed  of  punched  plates.  In  making  the  holes 
in  the  plates  he  did  not  think  there  would  be  much  difference  in 
time  between  pimching  and  drilling;  and  in  respect  of  cost,  probably 
drilling  would  be  cheaper  than  punchiQg,  where  there  was  a  large 
quantity  of  work  to  be  done  and  a  set  of  men  properly  trained  to  it. 
There  could  be  no  question  therefore,  he  considered,  that  in  bridge 
work  especially  drilling  was  far  superior  to  punching  for  the  rivet 
holes.  In  the  multiple  drilling  machine  shown  in  the  drawings,  the 
plates  to  be  drilled  were  placed  on  a  stage  close  by  the  machine,  ready 
to  be  slided  upon  the  driU  table ;  one  man  and  a  boy  attended  the 
machine,  and  put  the  plate  on  and  remove4  it  when  drilled.  During 
the  drilling  the  plate  was  entirely  immersed  in  soap  and  water,  in 
which  the  drills  worked;  and  if  anything  went  wrong,  the  drill 
table  was  let  down  immediately  by  shutting  off  the  water  pressure 
from  the  accumulator,  and  was  afterwards  raised  up  again  to  its 
work  with  the  greatest  readiness  by  turning  on  the  pressure 
again. 

Mr.  J.  Vernon  remarked  that  at  the  Liverpool  meeting  of  the 
Institution  in  last  year  he  had  exhibited  some  specimens  of  plate 
that  had  been  rivetted  together  with  punched  holes  and  with  drilled 
holes,  and  had  been  afterwai'dB  cut  open  down  the  centre  of  the 
rivets  so  as  to  show  in  both  cases  how  the  rivets  filled  the  holes ; 
and  it  was  then  clearly  seen  that  the  rivets  filled  the  punched  holes 
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as  perfectly  as  they  did  tlie  drilled  holes.  Prom  Im  own  experience 
also  lie  ftdly  concurred  in  tlie  opinion  that  it  was  not  becanse  work 
was  nnsonnd  and  imperfect  when  done  with  punched  holes  that 
drilling  was  required  to  be  resorted  to :  drilling  had  its  advantages 
and  might  be  largely  applied ;  but  it  was  not  the  case,  he  believed, 
that  punched  work  when  careftdly  prepared  was  imperfect  or  inferior 
work.  With  respect  to  accuracy  in  the  position  of  the  holes,  he 
thought  as  great  accuracy  might  be  attained  with  punched  holes  as 
with  drilled  holes ;  and  he  had  had  a  punching  machine  in  operation 
at  his  own  works  for  several  years  past,  which  was  capable  by  a 
self-acting  motion  of  punching  a  whole  boiler  plate  throughont 
every  part  with  as  complete  accuracy  as  could  be  attained  in  any 
drilled  work  that  could  be  produced. 

Mr.  D.  Adamson  observed  that,  having  had  frequent  opportunities 
of  witnessing  the  testing  of  high  pressure  steam  boilers,  sometimes 
with  punched  rivet  holes  and  sometimes  with  drilled  holes,  he 
had  come  to  the  conclusion  that  no  one  who  had  had  experience 
of  drilled  holes  in  that  particular  class  of  work  would  be 
likely  to  attempt  to  use  punched  holes  again  for  such  purposes. 
However  careftdly  a  punching  machine  might  be  arranged,  and 
however  well  the  work  might  be  put  together,  there  still  remained 
the  objection  which  had  been  mentioned,  that  the  punched 
holes  were  always  conical,  rendering  it  a  difficulty  to  fill  the  holes 
completely  in  hand  rivetting.  Several  boiler  explosions  which  he 
had  seen  might  be  entirely  attributed,  he  believed,  to  that  class  of 
bad  work.  In  the  case  of  an  explosion  that  occurred  some  years  ago 
at  Huddersfield,  he  had  examined  the  boiler  afterwards,  and  had  not 
found  a  single  instance  in  which  the  rivet  filled  the  rivet  hole 
completely  from  one  side  of  the  plate  to  the  other,  and  there  were 
very  few  rivet  holes  that  were  at  right  angles  to  the  plates,  the 
rivetting  being  exceedingly  bad  and  the  punching  exceedingly  bad 
also.  In  punching  holes  too  much  depended  on  the  care  exercised 
by  the  workman,  and  he  had  found  that  boiler  plates  punched  on 
Monday  were  not  done  so  well  as  those  punched  later  in  the  week, 
from  the  men  not  being  so  carefiil  and  accurate  on  the  first  day  of 
their  week's  work  as  they  were  aftjerwards  when  they  had  got  more 
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into  it.  It  was  therefore  very  desirable  to  take  it  OTit  of  the  power  of 
the  men  to  produce  defective  work ;  and  he  had  accordingly  adopted 
the  plan  of  not  only  drilling  the  holes  in  all  boiler  plates  that  were 
to  be  subjected  to  a  high  pressure,  but  also  drilling  the  two  plates 
together  in  the  position  in  which  they  were  to  be  rivetted  up,  in 
order  to  allow  correctly  for  the  curvature  of  the  plates ;  so  that  it 
should  be  impossible  for  the  workman  to  produce  irregular  holes, 
and  that  when  the  plates  were  rivetted  together  all  the  holes  should 
coincide  exactly,  and  every  rivet  should  take  its  proper  share  of 
the  strain. 

In  the  case  of  the  longitudinal  seams  of  large  boilers,  say 
6  feet  diameter  made  of  9-16ths  inch  plates  to  carry  100  lbs.  steam, 
he  considered  the  single  rivetted  joint  with  punched  holes  was 
exceedingly  unsafe  on  account  of  the  great  shearing  strain  to  which 
the  rivets  were  subjected.  Moreover  although  in  a  single  test  such 
a  boiler  might  appear  tight  up  to  the  testing  pressure,  it  would  be 
found  that  by  afterwards  raising  the  pressure  again  rapidly  up  to 
the  testing  amount  the  joints  would  not  be  tight  in  the  second  test, 
but  would  exhibit  a  slight  leakage  or  sweating  in  many  places, 
which  would  be  continued  and  increased  in  any  subsequent  testing 
when  the  pressure  was  raised  quickly.  It  was  therefore  not 
sufficient  to  try  boilers  by  a  single  test,  but  a  prolonged  trial  was 
necessary,  repeating  the  test  say  fifty  times  in  a  day  with  intervals  ; 
and  having  adopted  this  mode  of  testing  he  had  found  that,  in 
testing  punched  boilers  for  a  day  together,  every  time  the  pressure 
was  put  on  there  was  more  or  less  trickling  from  the  joints  ;  but 
with  drilled  holes  the  work  was  much  more  to  be  depended  upon, 
and  there  was  less  of  the  ordinary  sweating  at  the  joints,  nor  was 
any  serious  leakage  ever  produced  by  repeatedly  putting  up  the 
pressure  rapidly.  Hence  for  locomotive  boilers  especially,  subjected 
as  they  were  to  such  rapid  variations  of  pressure,  it  appeared 
highly  desirable  that  aU  the  rivet  holes  should  be  drilled,  and  also 
that  the  two  plates  should  be  drilled  both  together  in  the  position 
in  which  they  were  to  be  rivetted. 

In  boilers  of  very  large  diameter,  such  as  7  feet  diameter  with 
plates  f  inch  thick,  single-rivetted  joints  became  impracticable, 
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whether  the  holes  were  drilled  or  punched ;  because  the  extra 
thickness  at  the  lap  of  the  joint  threw  the  plates  so  much  out  of 
the  true  circle  that  every  time  the  pressure  came  upon*  them  it 
sprung  the  joint  with  a  force  which  inevitably  produced  leakage 
when  only  a  single  row  of  rivets  was  used.  No  doubt  a  great  deal 
of  the  external  corrosion  observed  in  boilers  was  due  to  the 
continual  small  leakages  produced  in  this  way  by  the  variations  of 
pressure.  But  a  more  serious  evil,  especially  in  locomotive  boila», 
was  that  this  constant  springing  of  the  joint  had  ultimately  the 
eflfect  of  exfoHating  the  interior  surface  of  the  plates  all  along  the 
seam  ;  and  the  iron  became  guttered  along  the  edges  of  the  plates 
to  such  a  depth  through  the  thickness  of  the  metal  that  in  some 
cases  locomotive  boilers  had  exploded  whilst  working  at  no  higher 
than  the  ordinary  pressure. 

It  was  true  that  in  rivetting  up  punched  work  with  the  steam  or 
power  rivetting  machine  the  rivets  might  be  made  to  fill  the  holes, 
but  it  did  not  follow  that  work  so  put  together  was  as  strong  as  if 
the  holes  had  been  drilled;  for  on  planing  open  the  joint  in  the 
punched  work  it  would  be  found  that  there  was  more  or  less 
irregularity  in  the  holes,  and  therefore  the  rivets  would  not  all  of 
them  take  their  proper  share  of  the  strain  along  the  whole  length 
of  the  joint.  But  when  drilling  was  used  and  all  the  holes  were 
drilled  exactly  at  right  angles  to  the  plates,  and  when  the  rivets 
were  made  in  accurate  dies  so  as  to  contain  all  the  same  amount  of 
metal,  and  were  afterwards  put  in  the  holes  by  a  power  rivetting 
machine,  a  joint  was  ensured  which  probably  no  rivetting  would  be 
able  to  excel.  So  satisfied  was  he  of  the  advantages  of  drilling 
over  punching,  in  the  greater  secxirity  and  tighter  work  obtained 
with  drilled  holes,  especially  in  the  case  of  boiler  work,  that  he 
hoped  in  a  short  time  to  carry  out  drilHng  exclusively  at  his  own 
works,  and  to  abandon  punched  holes  altogether  for  any  description 
of  work  whatever.  A  still  further  step  remained  in  reference  to 
the  longitudinal  seams  of  boilers,  which  would  be  to  weld  up  the 
plates  along  the  joint,  so  as  to  avoid  having  any  rivetted  joint  for 
such  cases ;  and  he  had  been  led  to  conclude  that  this  would  prove 
the    only    ultimately  satisfex^tory  plan,    as    he    considCTed    more 
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Gonfidence  was  to  be  placed  in  the  welded  joint  than  in  the  best 
rivetted  joint  even  with  drilled  holes. 

Mr.  T.  Fleet  considered  that,  when  punching  was  done  carefnlly 

and  accurately,  as  good  and  sound  work  could  be  produced  with 

pxinched  holes  as  with  drilled  holes.     It  appeared  to  be  thought 

tliat  in  drilling  there  was  not  so  much  liability  to  want  of  uniformity 

in  the  holes  as  in  punching  ;    but  in  the  multiple  drilHng  machine 

Bbown  in  the  drawings,  if  the  drills  were  not  all  set  perfectly  true 

in  their  correct  positions  and  exactly  upright,  the  drilled  holes 

wonld  be  no  more  regularly  spaced  and  no  more  truly  at  right 

angles  to  the  plates  than  punched  holes  done  by  a  good  workman. 

Moreover  if  the  drills  were  not  properly  looked  after  by  the  man 

attending  the  machine,  he  might  as  easily  cause  defective  work 

to  be  turned  out  as  a  man  setting  plates  in  a  punching  machine. 

No  doubt  workmen  were  apt  to  be  not  so  efficient  at  their  work 

in  the  beginning  of  the  week  as   afterwards ;    but  that  was   a 

matter  which  rested  with  the  masters  and  foremen,  and  no  work 

of  an  inferior  description  ought  to  be  allowed  under  any  pretext. 

It  was  certainly  the  case  that  in. punched  holes  there  was  a  little 

taper  ;    but  by  properly  proportioning  the  size  of  the  punch  and  of 

the  hole  in  the  die,  the  degree  of  taper  might  be  reduced  to  so 

small   an  amount  as  not  to  be  injurious  ;    and  if  two  punched 

plates  were  put  together  with  the  smaller  ends  of  the  holes  next 

each  other,  the  work  would  be  made  as  good  as  it  was  possible  for 

it  to  be.     He  had  had  rivetted  joints  planed  through  down  to  the 

rivets  for  the  sake  of  ta'ial,  and  had  found  the  punched  holes  were 

as  well  fiUed  by  the  rivets  and  the  work  was  as  good  and  sound  as 

when  the  holes  were  drilled.     It  was  only  within  the  last  few  years 

that  the  question  of  drilling  the  holes  for  boiler  plates  had  been 

raised  ;    and  for  many  years  previously  boilers  with  punched  holes 

had  been  made  tight  and  fit  for  service,  and  were  still  made  so,  nor 

had  he  known  of  an  explosion  occurring  with  any  boilers  made 

with  properly  punched  holes.      As  regarded  rivetting  more  than 

two  thicknesses  of  plates  together  in  bridge  work,  which  had  been 

said  to  be  not  so  safe  with  punched  holes  as  with  drilled  holes,  he 

had  not  found  any  deficiency  of  strength  with  punched  hbles,  even 
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in  rivetting  as  many  as  four  or  five  tliicknesses  of  plates  together 
up  to  a  total  thickness  of  3^  or  4  inches  ;  and  in  all  such  cases  the 
work  so  put  together  with  punched  holes  had  stood  the  testing 
without  any  diflB.culty,  and  had  proved  thoroughly  sound  and  strong 
for  the  purposes  intended. 

In  reference  to  the  use  of  steam  rivetting  machines  for  putting 
in  the  rivets  instead  of  hand  rivetting,  that  question  had  been 
considered  at  the  time  of  building  the  Britannia  Bridge,  in  the 
rivetting  work  of  which  he  had  been  engaged  ;  because  it  was  then 
thought  that  hand  rivetting  would  not  be  sufficiently  good  for  that 
class  of  work.  Wrought  iron  bridge  building  being  then  in  its 
infancy,  a  trial  was  made  of  the  comparative  value  of  the  machine 
rivetting  and  hand  rivetting,  by  cutting  out  a  number  of  rivets  put 
in  by  the  two  methods  ;  and  it  was  found  that  in  the  work  done  by 
the  steam  rivetting  machine  the  holes  were  not  filled  up  so  well  as 
by  hand  rivetting,  and  the  rivets  put  in  by  hand  took  about  ten  or 
twelve  more  blows  to  knock  them  out  with  the  hammer  than  those 
put  in  by  the  machine :  the  bridge  was  accordingly  completed  with 
hand  rivetting.  Moreover  in  rivetting  by  machinery,  both  in  boiler 
making  and  in  bridge  work,  if  the  plates  were  not  brought  perfectly 
close  together  at  the  time  of  rivetting,  when  the  blow  came  on  the 
rivet  it  formed  a  sort  of  washer  between  the  plates,  which  prevented 
their  ever  being  closed  up  afterwards  ;  but  in  hand  rivetting  a  good 
rivetter  took  care  to  drive  the  rivet  fairly  into  the  hole  and  close 
the  plates  with  the  hammer  at  the  same  time  that  he  was  finishing 
the  rivet,  so  that  the  contraction  in  cooling  should  make  a  perfectly 
tight  joint. 

The  President  enquired  how  the  spur  mitre  wheels  driving  the 
drill  spindles  in  the  multiple  drilling  machine  were  found  to  wear, 
and  whether  malleable  cast  iron  had  been  tried  for  the  purpose. 

Mr.  Fletcher  repHed  that  these  spur  mitre  wheels  were  found 
to  wear  very  well  indeed  ;  he  exhibited  some  of  them  made  of  cast 
iron,  which  had  been  working  constantly  in  one  of  the  drilling 
machines  ever  since  it  was  started  nearly  twelve  months  ago,  and 
they  scarcely  showed  any  signs  of  wear  at  all.  Some  of  the  wheels 
on  the  horizontal  driving  shaft  had  been  broken  occasionally,  in 
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consequence  of  haying  the  centre  hole  too  large ;  these  had  broken 
through  just  at  the  key  groove,  owing  to  the  drill  happening  to  break 
just  at  the  moment  of  going  throngh  the  plate,  which  was  likble  to 
occur  now  and  then.  He  had  tried  malleable  cast  iron  for  the 
wheels,  but  found  it  would  wear  too  fast ;  and  the  wheels  were  now 
made  therefore  of  cast  steel,  of  which  specimens  were  exhibited,  in 
order  to  obtain  greater  strength,  and  he  had  never  had  any  of  the 
cast  steel  wheels  broken  in  the  machine.  When  only  a  single 
horizontal  driving  shaft  was  used,  having  some  50  wheels  keyed  on 
it  for  driving  the  drills,  the  torsion  was  of  course  very  great,  and  a 
large  diameter  of  shaft  was  required  to  give  sufficient  strength ; 
but  by  the  improved  plan  of  nsing  two  horizontal  driving  shafts, 
driving  the  alternate  drill  spindles,  each  shaft  had  only  half  the 
work  to  do,  and  a  smaller  size  of  shaft  could  therefore  be  used. 
The  shafts  were  made  of  cast  steel,  and  he  had  also  driven  each  shaft 
at  both  ends  ;  but  the  torsion  was  still  considerable  in  the  middle  of 
the  length,  and  caused  the  skew  wheels  to  rattle  a  little  in  working, 
as  the  drills  cut  harder  or  easier  in  the  metal. 

Mr.  J.  J.  BiBGKBL  enquired  why  the  skew  mitre  wheels  employed 
in  the  drilling  machine  had  been  appHed  for  driving  the  drill 
spindles  in  place  of  ordinary  mitre  wheels.  He  thought  there  must 
be  much  more  friction  with  the  skew  wheels  than  with  ordinary 
mitre  wheels,  since  in  the  latter  the  fiiction  was  more  of  the  nature 
of  rolling  Motion. 

Mr.  Fletcher  explained  that  the  object  of  adopting  the  skew 
wheels  instead  of  ordinary  mitre  wheels  for  driving  the  drill 
spindles  had  been  that  the  horizontal  driving  shaft  might  be  kept 
out  of  the  way,  behind  the  driU  spindles,  so  as  to  allow  of  getting  a 
good  strong  taQ  piece  with  set  screw  at  the  top  of  the  drill  spindles, 
for  receiving  the  heavy  upward  pressure  on  the  drills  in  working. 
This  could  not  have  been  managed  with  mitre  wheels  and  the 
longitudinal  shaft  overhead. 

Mr.  J.  Kbnnan  enquired  whether  there  was  not  some  difficulty 
from  the  end  pressure  on  the  horizontal  shaft  driving  the  drill 
spindles,  owing  to  the  inclination  of  the  teeth  of  the  skew  wheels  ; 
and  he  suggested  that  the  teeth  might  be  inclined  at  opposite 

H  2 
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angles  alternately  right  and  left  in  the  successive  wheels,  so  as  to 
neutralise  the  end  pressure  on  the  driving  shaft. 

Mr.  Fletoheb  said  there  was  no  end  pressure  at  all  on  the 
horizontal  driving  shaft,  as  each  of  the  skew  wheels  on  the  'shaft 
worked  between  two  end  bearings  in  its  own  drill  frame,  which 
received  the  end  pressure  instead  of  the  shaft. 

The  President  enquired  whether  the  parallel  motion  was  found 
to  answer  satisfactorily  the  purpose  of  keeping  the  drill  table  level 
in  working. 

Mr.  Fletcher  said  the  parallel  motion  formed  by  the  pair  of 
racks  and  toothed  segments  coupled  together  at  each  end  of  the 
drill  table  had  been  found  a  great  improvement  in  the  multiple 
drilling  machine.  Previously  it  had  been  necessary  to  place  a  block 
of  wood  on  each  side  of  the  drill  table,  as  a  stop  to  limit  its  height 
of  rising  and  prevent  it  from  canting  in  case  the  dnlls  on  one  side 
of  the  machine  should  come  through  the  work  sooner  than  those  on 
the  other  side.  But  with  the  addition  of  the  parallel  motion  there 
was  not  the  slightest  deviation  from  level  in  the  table,  either 
sideways  or  endways,  at  whatever  part  of  the  table  the  pressure  of 
the  drills  migbt  be  acting ;  and  it  was  thus  of  great  advantage  in 
preventing  any  undue  pressure  from  some  of  the  drills  getting 
through  the  plate  before  others. 

Mr.  J.  Kennan  asked  whether  any  trials  had  been  made  with 
different  forms  of  drill  points,  and  what  form  of  point  had  been 
found  the  best. 

Mr.  Fletcher  replied  that  he  had  tried  several  forms  of  drill 
points,  but  found  there  was  the  least  trouble  with  the  ordinary  shape 
of  point,  such  as  was  shown  in  the  drawings  and  in  the  specimens 
of  drills  now  exhibited.  The  speed  of  drilling  might  be  increased  by 
putting  extra  pressure  on  the  drills,  and  by  that  means  he  had 
drilled  through  |  inch  plates  in.  as  little  as  3^  minutes ;  but  this 
rate  was  not  necessary  in  ordinary  work,  and  such  plates  generally 
took  about  10  minutes  to  drill  through. 

Mr.  W.  M.  Neilson  enquired  whether  the  drills  were  ground  up 
by  hand,  and  how  the  grinding  was  done  so  as  to  keep  them  all 
uniform. 
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Mr.  Fletgheb  replied  tliat  tlie  drills  were  all  ground  up  by  liand 
to  a  gauge,  so  as  to  be  all  exactly  the  same  diameter  and  form.  The 
drills  were  carried  in  cylindrical  sockets  and  fixed  by  set  screws, 
allow'ing  of  their  being  adjusted  to  a  constant  length  when  shortened 
by  grinding.  At  Messrs.  Kennard's  works  at  Crumlin  there  were 
six  of  the  large  multiple  drilling  machines,  and  two  smaller  ones, 
and  one  man  was  employed  in  grinding  up  the  drills  for  the  whole 
of  the  machines,  to  keep  them  all  uniform. 

Mr.  W.  Richardson  enquired  whether  there  was  not  some 
difficulty  with  the  drilling  machine  at  the  moment  of  the  drills 
going  through  the  plate,  on  account  of  the  drill  table  being  forced 
up  against  the  drills  by  the  constant  pressure  of  the  accumulator. 
He  thought  when  the  drills  were  just  going  through,  the  table  would 
rise  too  fast,  and  be  apt  to  break  the  drills  by  the  side  strain 
put  upon  them  from  suddenly  losing  the  resistance  of  the  cut. 

Mr.  Fletcher  said  that  when  the  drills  were  beginning  to  come 
through  the  plate  the  workman  could  hear  it  directly,  and  could 
ease  off  the  water  pressure  a  little  if  desired,  by  partly  closing  the 
valve  from  the  accumulator :  but  it  was  scarcely  ever  necessary  to  do 
that,  and  there  was  very  little  trouble  from  the  drills  breaking  at  the 
moment  of  going  through.  The  drills  were  made  pretty  stiff,  and 
very  short  from  the  bearing  in  the  drill  socket,  so  as  not  to  be 
easily  broken. 

Mr.  W.  Ford  Smith  asked  how  the  drill  spindles  were  set  in  the 
machine  with  sufficient  accuracy  at  the  exact  distance  or  pitch  from 
centre  to  centre.  In  the  case  of  the  transverse  joints  of  cylindrical 
boilers,  for  instance,  the  outer  plate  lapping  over  the  inner  was  of 
course  a  little  longer ;  and  having  the  same  number  of  rivet  holes 
would  require  the  holes  spacing  rather  wider  apart  aU  round  the 
circle,  so  as  to  correspond  with  the  holes  in  the  inner  plate.  It  had 
been  proposed  to  drill  the  holes  in  the  two  plates  together  for  boiler 
work ;  but  though  that  might  be  done  for  the  longitudinal  joints,  it 
could  not  be  managed  in  the  transverse  joints  from  the  difference  in 
the  length  of  the  two  plates. 

Mr.  Fletcher  explained  that  the  drill  spindles  were  all  turned 
accurately  to  2  inches  external  diameter  at  the  bottom  or  drill 
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socket,  and  were  set  up  one  after  anotlier  by  inserting  a  template  of 
tlie  required  size  between.  Tbus  for  drilling  boles  at  3  incbes  pitcbi 
a  template  of  exactly  1  incb  widtb  was  put  between  tbe  drill 
spindles;  and  supposing  this  were  tbe  pitcb  for  tbe  rivet  boles  in 
tbe  inner  plate  of  a  transverse  boiler  seam,  and  tbe  outer  plate  were 
1|  incb  longer,  tbe  extra  1 J  incb  was  divided  out  equally  between 
tbe  entire  number  of  boles  by  using  a  sligbtly  larger  template  made 
to  tbe  exact  size  required.  As  tbere  were  two  rows  of  drills  in  tbe 
macbine,  tbe  best  plan  in  sucb  work  was  to  set  one  row  for  drilling 
tbe  inner  plates  and  tbe  otber  for  drilling  tbe  outer  plates,  so  tbat 
tbe  drilling  of  botb  plates  sbould  be  proceeded  witb  simultaneously. 

Mr.  D.  Adamson  tbougbt  tbat  plan  would  still  not  be  so 
satisfactory  as  drilling  botb  t|ie  plates  together,  as  tbey  were  to  go 
in  rivetting ;  and  even  in  tbe  case  of  tbe  transverse  joints  of  boilers 
it  was  bigbly  desirable  tbat  tbis  sbould  be  managed,  by  bending  tbe 
plates  beforehand  and  then  drilling  them  together  solid  when  bent, 
so  as  not  to  have  to  disturb  tbe  iron  in  any  way  by  bending  after 
drilling.  The  great  advantage  of  sucb  a  method  was  that  tbe  very 
same  drill  passed  through  both  plates,  and  therefore  any  sligbt 
variation  in  tbe  size  of  tbe  drill  used  did  not  affect  tbe  accuracy  and 
BoKdity  of  tbe  work  for  rivetting  up,  and  tbe  bole  was  perfectly 
cylindrical  through  botb  plates.  This  could  not  be  said  however  of 
plates  drilled  separately  while  flat  and  afterwards  bent  to  tbe 
required  curve. 

Mr.  Fletcher  had  not  found  any  inaccuracy  arise  from  drilling 
tbe  plates  separately  instead  of  together,  or  from  bending  tbe  plates 
after  drilHng  them  flat.  In  plates  6-16tbs  or  3-8tbs  incb  thick  the 
alteration  in  tbe  boles  by  bending  the  plates  after  the  drilling  was 
so  inappreciable  tbat  a  turned  pin  could  be  passed  through  tbe  boles 
in  sucb  work  with  as  great  facility  as  in  the  case  of  the  flat  plates 
drilled  for  bridge  work,  which  he  had  already  mentioned.  He 
therefore  thought  drilling  tbe  plates  together  after  bending  was 
scarcely  necessary  for  practical  purposes. 

Mr.  J.  Manning  said  be  was  now  making  a  self-acting  punching 
macbine  for  punching  flat  plates  independent  of  manual  labour,  witb 
an  adjustable  rack  motion  for  shifbing  the  plate  and  spacing  out  tbe 
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holes,  anda  Yariable  cnrvilinear  movement  for  pnncliiiig  the  circular 
lines  of  riyet  holes  in  the  end  plates  of  boilers  for  the  shells  or  the 
internal  flues.  A  dividing  scale  was  also  added  for  making  the 
propm*  alteration  in  the  pitch  of  the  holes  in  the  outer  and  inner 
plates,  in  punching  the  rivet  holes  for  the  circular  seams  of  the 
boiler  shell.  He  was  not  aware  whether  this  had  been  managed 
yet  in  punching  machines,  and  thought  if  successfully  carried  out 
with  the  required  degree  of  accuracy  it  would  go  far  towards 
removing  the  objections  entertained  against  punched  boiler 
work. 

Mr.  J.  Ybrnon  enquired  whether  the  use  of  separate  engines, 
one  to  each  machine,  for  driving  a  number  of  separate  machines 
doing  a  variety  of  work,  as  in  the  case  of  iron  shipbuilding,  was 
considered  to  be  under  all  circumstances  a  more  advantageous  and 
economical  application  of  steam  power  than  driving  the  same 
machines  by  a  line  of  shafting  and  belts.  Supposing  there  were  a 
dozen  large  machines  in  the  same  workshop,  which  were  all  required 
to  be  worked  constantly  the  whole  day  through,  he  presumed  it 
would  not  be  considered  better  in  that  case  to  use  separate  engines 
for  each  machine  than  to  employ  one  engine  for  driving  the  whole 
lot  of  machines  by  shafbing. 

Mr.  Fletcher  said  that  in  the  latter  case,  having  a  number  of 
machines  that  were  all  kept  constantly  at  work,  and  where  the  work 
could  be  kept  close  to  the  machines  without  having  to  be  feequently 
taken  out  of  the  shop  and  brought  back  again,  the  single  large  engine 
with  shafting  to  drive  all  the  machines  was  no  doubt  the  best. 
But  whenever,  in  the  case  of  shipbuilding  and  similar  work,  it 
occurred  that  plates  had  to  be  carried  backwards  and  forwards  a 
considerable  distance,  merely  for  punching  a  few  more  holes  or 
doing  some  other  small  work  upon  them,  it  was  then  found  much 
better  and  cheaper  to  take  one  or  two  machines  down  to  the  spot 
and  do  the  work  there:  and  it  was  for  such  purposes  as -these  that 
machines  were  now  made  to  be  driven  each  by  its  own  separate 
engine. 

Mr.  Neil  Robson  enquired  whether  any  dif&oulty  was  found  in 
conveying  the  steam  to  a  distance  for  working  separate  machines. 


224  HEAVY  ENGINEERING  TOOLS. 

owing  to  leakage  at  tlie  joints  of  the  steam  pipe.  He  had  himself 
found  great  difficulty  in  keeping  the  joints  tight,  particularly  in  one 
instance  where  the  steam  was  conveyed  as  far  as  400  yards  in  a 
straight  line  of  pipe,  in  which  case  he  had  got  over  the  difficulty  hy 
making  two  expansion  joints  in  that  length :  and  he  asked  what 
was  the  greatest  distance  to  which  steam  had  been  conveyed  from 
a  boiler  for  working  an  engine  or  machine. 

Mr.  Fletcher  replied  that  the  difficulty  with  the  joints  of  the 
steam  pipe  in  such  cases  arose  from  having  the  pipe  in  a  straight 
line  for  the  whole  distance,  without  any  curves  ;  but  if  there  were  a 
few  curves  inserted  in  the  length  of  the  pipe,  these  would  allow  for 
the  expansion  and  contraction  of  the  line  of  pipe,  and  there  would 
be  no  difficulty  in  keeping  the  joints  steam-tight.  Any  condensation 
of  steam  that  took  place  in  the  pipe  might  be  provided  for  by  having 
a  low  part  in  the  pipe  at  the  farther  end,  with  a  tap  to  draw  off  the 
condensed  water  whenever  desired. 

Mr.  D.  Adamson  said  that,  in  regard  to  the  distance  to  which 
steam  could  be  carried  in  pipes,  there  was  not  much  difficulty  in 
conveying  it  even  to  very  great  distances.  At  one  of  Mr.  Joseph 
Pease's  coUieries  near  Darlington,  where  the  whole  of  the  water  was 
originally  pumped  by  engines  at  the  surface,  it  was  afterwards 
desired  to  work  a  lower  portion  of  the  mine,  for  which  purpose  a 
pumping  engine  was  placed  down  in  the  pit,  and  was  at  first  supplied 
with  steam  by  boilers  alongside  in  the  pit.  The  water  pumped  from 
the  mine  however  was  so  corrosive  and  destructive  to  the  boilers 
in  the  pit,  that  it  was  ultimately  found  necessary  to  abandon  them 
and  to  take  steam  from  the  boilers  at  the  surface.  The  distance  the 
steam  had  to  be  conveyed  by  pipes  in  that  instance  was  very  great 
indeed :  the  pit  was  about  120  yards  deep,  and  the  underground 
engine  was  about  f  mile  from  the  bottom  of  the  pit,  making 
altogether  about  1440  yards  distance  that  the  steam  was  carried; 
notwithstanding  which  the  work  done  by  the  engine  per  pound  of 
coal  consumed  under  the  boilers  was  very  nearly  equal  to  what  it 
had  been  when  the  boilers  were  down  in  the  pit  close  to  the  engine. 
It  appeared  therefore  there  was  no  reason  to  anticipate  any  difficulty 
in  merely  distributing  steam  by  means  of  pipes  to  the  comparatively 


HEAYT  ENGINEBBINa  TOOLS.  225 

short  distances  necessary  for  working  detached  machines  in  a 
shipbuilding  yard  or  similar  cases.  In  the  instfmce  that  he  had 
described,  a  large  branch  syphon  pipe  was  connected  to  the  steam 
pipe  at  the  farther  end,  close  to  the  engine,  in  which  the  condensed 
water  collected  and  was  drawn  off  at  intervals,  while  the  steam 
passed  along  the  straight  pipe  direct  into  the  engine. 

Mr.  J.  J.  BiBCK£L  mentioned  that  in  preparing  the  plates  for  the 
constraction  of  the  Ghreat  Eastern  ship  the  edges  of  the  plates  had 
not  been  planed,  but  shaped  in  a  circular  shaping  machine  which  he 
believed  was  similar  to  a  feeing  lathe. 

Mr.  Fletcher  said  he  had  made  a  nnmber  of  machines  of  that 
description  for  shaping  the  edges  of  plates  instead  of  planing  them 
in  an  ordinary  planing  machine.  The  machine  had  a  large  disc 
about  6  feet  diameter,  revolving  on. a  horizontal  shaft,  and  in  the 
iabce  of  the  disc  were  fixed  a  set  of  about  36  cutters,  across  which 
the  plates  to  be  shaped  were  traversed  on  a  horizontal  sliding  table. 
Three  of  these  machines  were  at  work  at  the  Crumlin  Works,  where 
they  were  employed  in  shaping  the  edges  of  plates,  instead  of 
planing  them  by  the  planing  machine  as  usual. 

The  President  remarked  that  he  had  had  disc  machines  of  that 
description  in  operation  at  his  own  works  for  the  last  thirty  years, 
and  they  were  used  for  cutting  the  inside  of  sheer  strakes  in 
shipbuilding  and  for  similar  purposes.  He  enquired  which  plan 
was  considered  the  best,  the  disc  machine  or  the  ordinary  planing 
machine. 

Mr.  Fletcher  replied  that  where  there  were  a  great  number  of 
plates  to  be  shaped  to  the  same  size  or  pattern,  as  in  bridge  work 
or  shipbuilding,  he  thought  the  circular  disc  with  cutters  would  be 
found  more  expeditious  than  a  planing  machine.  For  with  the  disc 
machine  a  number  of  plates  could  be  clamped  together  and  brought 
up  on  a  truck  and  laid  on  the  table  of  the  machine,  which  could 
then  be  left  to  do  the  work  with  only  a  boy  to  mind  it  for  two  or 
three  hours  ;  but  with  a  planing  machine  the  men  were  continually 
occupied  in  bringing  up  one  or  two  plates  to  be  planed  at  a  time. 
By  means  of  the  disc  machine,  as  much  as  3  feet  thickness  of  plates 
had  been  shaped  at  once  in  the  case  of  the  plates  for  the  Great 
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Eastern ;  and  tlie  machines  at  Crmnlin  sliaped  18  inches  thickness 
of  plates  or  npwards  in  ordinary  work. 

Mr.  W.  FoBD  Smith  remarked  that  the  angle  of  85  <>  adopted  for 
the  V  grooves  in  the  tables  of  planing  machines  appeared  to  him 
rather  more  acute  than  was  desirable  or  necessary,  since  the  Motion 
was  of  course  greater  with  an  acute  angle  than  with  one  more 
obtuse,  requiring  therefore  greater  power  to  drive  the  table  with 
the  acute  Vs ;  and  it  was  also  desirable,  in  order  that  the  Vs  might 
keep  in  good  order,  to  get  as  wide  a  bearing  surface  as  possible,  so 
as  to  reduce  as  far  as  practicable  the  pressure  per  square  inch 
and  consequently  the  friction  and  liabihty  to  galling.  He  had 
accordingly  adopted  a  considerably  wider  groove  for  such  purposes, 
with  an  angle  of  120° ;  and  he  had  not  found  any  difficulty  from 
the  table  of  the  machine  ever  rising  up  the  sides  of  the  Vs  made 
with  that  inclination,  and  thought  the  surfaces  of  the  grooves  wore 
better  than  if  made  more  acute.  For  oiling  the  Vs  the  ordinary 
plan  was  to  fill  the  channel  at  the  bottom  of  the  groove  with  oil, 
which  was  then  raised  by  agitators  and  spread  over  the  sides  of  the 
groove  by  the  motion  of  the  sliding  table ;  but  as  any  dust  and 
cuttings  falling  into  the  grooves  would  collect  in  the  channel  at  the 
bottom  and  be  mixed  with  the  oil,  he  thought  it  was  better  to  oil 
the  grooves  by  a  channel  at  the  top  along  each  side  of  the  groove, 
filled  with  pure  oil  by  self-acting  lubricators,  by  which  a  small 
quantity  of  oil  would  be  caused  to  flow  over  down  the  sides  of  the 
groove ;  and  the  oil  should  be  swept  oflf  into  pockets  at  the  ends 
of  the  Vs  by  each  traverse  of  the  table,  instead  of  being  allowed  to 
lie  in  the  bottoms  of  the  grooves.  By  this  plan  combined  with  the 
increased  surface  of  wider  Vs  there  would  be  less  liabiUty  to 
the  surfaces  gaUing  in  working. 

With  regard  to  the  use  of  the  rack  motion  for  sliding  the  table 
in  planing  machines,  no  doubt  the  use  of  the  pinion  of  large  diameter 
gearing  into  the  rack  was  a  great  improvement  in  principle  upon 
the  ordinary  small  pinion,  since  with  the  large  pinion  there  was  less 
tendency  to  lift  the  table.  But  in  reference  to  the  employment  of 
stepped  teeth  for  the  rack  and  pinion,  in  place  of  the  ordinary  single 
teeth,  he  had  not  found  it  practicable  to  produce  castings  of  stepped 
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racks  and  pinions  so  accurately  spaced  throughout  as  to  ensure  all 
the  teeth  taking  their  proper  share  of  the  work ;  the  whole  strain  of 
the  driying  power,  instead  of  being  borne  by  the  entire  width  of  the 
rack,  had  consequently  to  be  borne  only  by  the  portion  of  the  width 
that  happened  to  be  actually  in  contact,  and  hence  breakages  were 
liable  to  take  place.  He  had  accordingly  been  led  to  adopt  plain 
racks,  not  stepped,  with  pinions  of  large  diameter,  for  traversing  the 
tables  in  planing  machines  and  similar  cases ;  and  the  results  had 
proved  thoroughly  successful,  not  only  in  preventing  breakages,  but 
also  in  producing  good  planed  surfaces,  perfectly  free  from  jars  and 
teeth  marks. 

Mr.  Fletcher  said  that  with  regard  to  the  angle  of  the  V  grooves 
in  the  planing  machines  he  had  not  found  any  tendency  to  galling  of 
the  surfaces  with  the  inclination  of  85®  that  he  had  adopted ;  one 
machine  that  he  had  made  twenty  years  ago  with  Vs  of  that  angle 
had  been  doing  work  of  the  heaviest  and  roughest  description  ever 
since  at  Messrs.  Napier's  works,  and  he  had  no  doubt  it  would  be 
found  on  comparison  that  the  surfaces  of  the  grooves  were  now  in 
better  condition  than  would  be  the  case  he  believed  in  any  machines 
with  wider  Vs  after  working  for  the  same  length  of  time.  The 
plan  that  had  been  mentioned  of  oiling  the  Vs  by  a  channel  of  oil  at 
the  top,  along  each  side  of  the  groove,  had  the  objection  that  the 
machine  would  then  require  oiling  many  times  in  a  day ;  whereas 
with  the  ordinary  plan  of  oiling,  by  keeping  the  supply  of  oil  in  the 
bottom  of  the  V,  the  machine  need  not  be  oiled  more  than  once  in 
three  or  four  days.  / 

In  reference  to  the  stepped  rack  for  driving  the  tables  of  planing 
and  other  machines,  he  believed  the  rack  motion  was  more  generally 
nsed  for  such  purposes  than  the  screw,  and  he  had  adopted  the  rack 
exclusively  for  the  last  twenty  or  thirty  years  as  the  most  eHgible 
arrangement;  nor  had  he  found  any  such  difficulty  as  had  been 
referred  to  in'  practically  attaining  sufficient  accuracy  in  the  teeth. 
He  was  confident  that  if  any  well  made  machine  worked  by  the 
stepped  rack  motion  were  examined  only  a  couple  of  hours  after  it 
was  first  put  to  work,  before  it  had  even  completed  planing  its  own 
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table,  it  would  be  fotuid  that  all  the  teeth  had  got  into  effieiM; 
driving  contact. 

The  President  moved*  a  vote  of  thanks  to  Mr.  Metcher  for  his 
paper,  which  was  passed. 


The  following  paper,  communicated  throngh  the  President,  was^ 
then  read : — 
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01^  THE  PRINCIPAL  SEAMS  OP  COAL  AND  IRONSTONE 
IN  THE   GLASGOW  COALFIELD. 


By  Mb.  WILLIAM  MOORE,  op  Glasgow. 


General  descrilptUm  of  Coalfield, — The  valnable  seams  of  Coal 
and  Ironstone  in  the  Glasgow  Coalfield  are  situated  in  the 
counties  of  Lanark,  Stirling,  Dumbarton,  Renfrew,  and  Linlithgow, 
and  lie  between  the  New  Red  Sandstone  and  the  Hurlet  Coal. 
They  are  divided  into  an  upper  and  a  lower  series  of  minerals : 
those  seams  lying  above  the  Gramkirk  or  Caulm  limestone  of 
Gamkirk  and  Bedlay  form  the  upper  series  ;  and  those  lying  under 
the  Possil  or  Cowglen  limestone  form  the  lower  series.  The 
accompanying  plan,  Fig.  1,  Plate  72,  shows  the  general  outline  and 
position  of  the  Glasgow  coalfield.  The  dark  shade  shows  the  area 
of  the  thick  seams  iucluding  the  SpHnt  coal  and  the  seams  above  it ; 
and  the  light  shade  shows  the  limit  of  the  coalfield  and  the  ironstone 
field.  No  portions  are  shown  on  the  plan  of  the  other  adjoining 
coalfields  of  Ayrshire  and  Pifeshire.  The  positions  and  names  of 
the  principal  coal  districts  are  marked  upon  the  plan  within  this 
area. 

The  general  average  section.  Pig.  2,  Plate  73,  shows  the 
succession  of  the  seams  from  the  surface,  which  are  enumerated  in 
the  accompanying  table.  Prom  this  section,  it  will  be  seen  that  the 
most  valuable  seams  of  coal  lie  above  the  Garnkirk  or  Caulm 
limestone  in  the  upper  series  ;  and  that  the  principal  seams  of 
ironstone  lie  under  the  Possil  limestone  in  the  lower  series  of 
minerals.  It  is  from  the  upper  series  that  the  coals  have  been  taken 
for  the  supply  of  household,  manufacturing,  and  ironsmelting 
purposes,  during  almost  the  whole  history  of  the  coalfield ;  and  the 
principal  seams  in  this  series  are  collectively  known  as  the  Glasgow 
and  Monkland  seams,  extending  over  an  area  comprising  about 
37  square  miles,  more  or  less  interrupted  by  faults,  bounded  by 
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Name  of 

Thickness. 

S^un.                                 UPPEB  SEBIES. 

ft.  in 

ft.  in. 

Falaoeoraig  Blaokband  Xronstone 

.       1     0 

to   1    6 

Upper  Coal              ..... 

4    0 

to   5   0 

EUCoal 

.      2-  0 

toll    0 

Pyotflhaw  and  Main  Coals    .... 

4    0 

to  9    0 

Hnmph  Coal      ...... 

.       2    0 

to  2    6 

Splint  Coal                ..... 

2     6 

to   6    0 

Wee  Coal 

.      2     0 

to   2    6 

Musselband  Coal      .            .      -      . 

2    5 

Airdrie  Blackband  Ironstone 

.       1     0 

to   1    5 

Soft  Blackband  Ironstone 

3    0 

to   6    0 

Cleland  Bongb  Clajband  Ironstone 

1    0 

"^Hrtne  Well  Coal      ..... 

2    0 

to   3    0 

Bellside  Blackband  Ironstone 

6 

to       10 

Kiltongae  Coal         ..... 

2    0 

to   6    6 

Dnimgray  Coal  ...... 

.      1    8 

to  2    6 

Low«  Drnmgray  Coal          .... 

1    4 

to   2    0 

First  Slaty  BlacU)and  Ironstone  . 

7  to   1    7 

Seoond  Slaty  Blackband  Ironstone     . 

8 

to   1    3 

Third  Slaty  Blackband  Ironstone 

7  to   4    0 

Boman  Cement    .... 

1    6 

to   2    2 

Gamkirk  or  CaTilm  Limestone 

.      4  10 

to   7    0 

LOWEK  SERIES. 

Possil  or  Cowglen  Limestone 

.      4    3 

to   5    0 

Possil  Upper  Coal     ..... 

2    0 

to   3    1 

Upper  Possil  Ironstone     .... 

.      1    0 

to   1    2 

Fossil  Main  Coal       ..... 

1    7 

to   2    6 

Lower  Possil  Ironstone     .... 

9 

to       10 

Lesmahagow  Gas  Coal         .... 

1    0 

to   1    8 

California  Clayband  Ironstone 

9 

to    1    2 

Garscadden  Upper  Blackband  Ironstone 

8 

to    1    2 

Gkurscadden  Lower  .Blackband  Ironstone 

4 

to    1    2 

Garibaldi  Clayband  Ironstone 

11 

to    1    « 

Dairy  Blackband  Ironstone 

10 

to    1    6 

Smithy  Coal 

2    6 

to   4   0 

Tiimestone     ..... 

.      3    0 

to   3    8 

T/imestone            .            .            .            .            . 

4    0 

to   7    2 

Hosies  Limestone      .... 

9 

to   6    0 

Crossbasket  Clayband  Ironstone 

1    6 

Hnrlet  LimestonO      .... 

.      1  10 

to  4   0 

Hurlefc  Ahim  Shale 

8    4 

HurletOoal 

.      5    0 

to   6    0 
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Bathgate  and  Momingside  on  tlie  east,  by  Carluke,  Hamilton,  and 
Qnarter  on  the  sonth,  by  Glasgow  on  the  west,  and  by  Gartsherrie 
and  Jawcraig  on  the  north. 

The  main  supply  of  ironstone  for  the  use  of  the  Sootch 
ironworks  comes  firom  the  two  Possil  ironstones,  the  two  Gurscadden 
Blackband  ironstones,  and  the  Dairy  Blackband  ironstone.  These 
extend  oyer  the  district  of  country  indicated  by  the  light  shade 
on  the  general  plan,  Mg.  1. 

Detailed  descrvpUon  of  Goal  Seams, — The  Upper  coal,  the  first 
in  the  section,  'Fig,  2,  is  that  from  which  Glasgow  was  in 
former  years  snppKed  with  the  best  qnahty  of  household  coal.  This 
seam  is  in  its  best  condition  both  in  thickness  and  quality  near 
Glasgow,  Eutherglen,  and  Stonelaw.  It  gradually  gets  inferior  as 
it  goes  eastward,  and  thins  out  altogether  in  the  mineral  fields  near 
Coatbridge  and  BailHeston. 

The  Ell  coal  is  the  seam  from  which  at  present  the  largest 
quantity  of  coal  for  household  purposes  is  derived,  and  which  now 
contributes  so  largely  to  the  supply  of  Edinburgh,  Glasgow,  and  the 
north  of  Scotland.  The  most  yaluable  deposit  of  this  seam  is  in 
the  neighbourhood  of  Wishaw  and  Motherwell,  extending  along  the 
line  of  the  Caledonian  Bailway  nearly  as  far  as  Carluke,  and  on 
the  line  of  the  Lesmahagow  branch  within  a  short  distance  of 
Auchenheath.  The  thickness  of  the  seam,  which  is  not  more  than 
4  feet  at  Glasgow  and  2  feet  at  Baillieston,  gradually  increases 
towards  Wishaw  to  about  11  feet.  In  the  district  adjoining  Wishaw 
the  quality  is  of  the  first  class,  and  the  coal  is  used  chiefly  for 
household  purposes.  In  some  of  the  collieries  to  the  east  of  Wishaw 
the  coal  is  of  a  slightly  burnt  description,  and  is  used  for  steam 
purposes.  There  is  still  a  considerable  area  of  this  seam  to  work, 
lying  on  the  line  of  the  railways  already  mentioned ;  in  the  locality 
immediately  adjoining  Wishaw  however  it  is  very  much  exhausted. 
So  great  has  been  the  demand  for  this  quality  of  coal  for 
household  and  steam  purposes,  that  within  an  area  of  about  three 
square  miles  in  the  Wishaw  district  there  are  as  many  as  twenty- 
five  collieries  working  almost  wholly  on  this  Ell  coal  seam. 
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The  Pyotsliaw  and  Main  coals  are  sometimes  apart  a  distance 
varying  from  6  to  as  mncli  as  24  feet,  as  at  Baillieston  and 
Coatbridge.  At  Drumpeller  and  Wishaw  they  are  together,  forming 
one  seam  about  9  feet  in  thickness.  The  Pyotshaw  coal  sometimes 
contains  a  thin  gas  coal  varying  in  thickness  from  4  to  10  inches : 
at  Springhill  near  Baillieston  this  gas  seam  is  of  fair  quality,  and 
is  supplied  to  the  Glasgow  gas  works.  The  Pyotshaw  and  Main 
coals  are  hard  coals,  containing  rather  too  much  ash  for  household 
use,  so  that  they  are  used  chiefly  for  ironsmelting  and  forge 
purposes. 

The  Humph  coal  is  a  thin  seam  of  not  much  value.  It  has  been 
worked  at  Dalmamock  near  Glasgow  and  at  Coatbridge,  for  ftimace 
purposes  and  for  calcining  clayband  ironstones. 

The  Splint  coal  is  that  which  has  been  so  long  used  in  the 
manufacture  of  iron  in  the  Coatbridge  district.  It  is  a  hard  coal  of 
excellent  quality,  and  in  the  Monkland  district  is  very  nearly 
exhausted.  At  Wishaw  and  in  the  district  towards  Hamilton  it  is 
entire ;  but  it  has  been  found  very  expensive  to  work  on  account  of 
having  a  soft  shale  roof.  This  seam  of  coal  is  usually  accompanied 
by  a  thin  band  of  clay  ironstone,  varying  in  thickness  frtjm  8  to 
4  inches,  which  is  worked  in  connection  with  the  coal.  At 
Bredisholm  near  Baillieston  this  seam  becomes  a  gas  coal,  and  is 
worked  as  such  to  a  considerable  extent  for  the  supply  of  Glasgow 
and  for  Irish  consumption. 

The  Wee  coal  is  a  good  household  coal,  and  is  extensively 
worked  as  such  in  the  Baillieston  district  for  the  supply  of  Glasgow. 
The  collieries  working  this  seam  Ke  principally  along  the  line  of  the 
Monkland  Canal,  by  which  the  coal  is  conveyed  to  Glasgow  and 
other  parts  of  the  Clyde. 

The  Virtue  Well  coal  is  essentially  a  Monkland  coal.  It  is 
found  best  in  the  neighbourhood  of  Airdrie  and  Coatbridge,  and  is 
used  principally  for  household  purposes.  In  some  of  the  collieries 
near  Airdrie  the  coal  is  burnt,  and  is  used  for  steamboat  purposes. 
In  the  eastern  part  of  this  seam  extending  to  Slamannan  it  is  called 
the  Johnstone  coal,  where  it  is  of  a  coarser  quality  and  is  used  for 
household  purposes. 
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The  Kiltongue  coal  is  worked  in  tlie  neigliboTirliood  of 
Coatbridge  and  Airdrie  at  a  thickness  of  about  2|  feet.  At 
Drnnipeller  it  is  6^  feet  thick,  and  is  nsed  for  household  and  forge 
purposes.  In  the  Kedding  and  Slamannan  districts  this  seam  is 
called  the  Splint  coal ;  and  at  Slamannan  it  is  one  of  the  most 
valuable  of  the  Scotch  steam  coals,  and  brings  the  highest  price  on 
tlie  Forth  and  Clyde  for  this  purpose.  At  Bedding  the  coal  changes 
its  character,  and  becomes  a  bard  splint  coal  suitable  for  iron 
smelting  purposes.  Above  the  Splint  coal  at  Slamannan  there  is  a 
seam  known  as  the  Lady  Grange  seam  about  2|  feet  thick, 
worked  chiefly  for  household  purposes.  At  Calderbraes,  in  the 
position  which,  the  Kiltongue  coal  would  occupy,  there  is  an  iron- 
stone called  the  Calderbraes  ironstone  about  8  inches  thick. 

The  Drumgray  coal  is  known  in  the  Redding  and  Slamannan 
districts  as  the  Coxrod  coal.  In  the  Airdrie  and  Coatbridge  districts 
this  seam  is  a  hard  j^imace  coal ;  in  the  Kedding  and  Slamannan 
districts  it  is  a  household  coal  of  very  superior  quality. 

The  Lower  Drumgray  or  Lower  Coxrod  coal  is  a  seam  worked 
for  household  purposes ;  it  is  usually  thin  however,  and  is  not 
generally  much  worked. 

Besides  the  seams  above  described,  which  are  collectively  known 
as  the  Glasgow  and  MonMand  seams,  there  are  also  several  minor 
seams  of  coal  in  the  upper  series ;  namely  those  of  the  Bathgate, 
Grangemouth,  and  Netherwood  districts ;  and  in  the  lower  series, 
the  Possil,  Kilsyth,  Kirkintilloch,  Cowglen,  Titwood,  Hurlet, 
Campsie,  Duntocher,  Milngavie,  Auchenheath,  and  Lesmahagow 
coals.  These  seams  however  are  chiefly  local,  worked  only  in  the 
immediate  districts  in  which  they  are  found. 

The  Bathgate  seams  are  all  of  such  an  inferior  quality  that  they 
are  not  even  worked  for  the  supply  of  the  immediate  district.  The 
coal  used  in  Bathgate  is  principally  brought  from  the  Monkland 
or  from  the  Wishaw  coalfield. 

The  Grangemouth  coals  are  geologically  the  same  as  those  at 
Bedding,  but  are  a  Httle  thicker  and  the  seams  are  more  numerous. 
In  point  of  quaUty  the  coals  are  not  equal  to  those  of  Redding  and 
Slamannan.     The  colHeries  however  have  the  advantage  of  being 
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near  tlie  sliipping  port  of  Gxangemoutli,  requiring  little  railway 
carriage,  so  tliat  the  inferior  quality  of  tlie  coals  is  compensated  for 
by  their  cheapness,  and  the  colliery  proprietors  are  enabled  to  ship 
a  considerable  quantity  of  coal.  The  Netherwood  coals  are  cokiiig 
and  smithy  coals  lying  immediately  under  the  Gaulm  limestone. 

The  Fossil  seams  of  coal  lying  in  proximity  to  the  ironstone 
seams  are  worked  mainly  for  the  supply  of  workmen's  fires  and 
engine  fires  at  the  collieries  raising  the  ironstone.  The  Kilsytli 
coals  are  of  a  coking  description,  and  are  converted  into  coke  at 
the  collieries  for  the  supply  of  Glasgow.  The  Kirkintilloch  coals 
are  generally  steam  coals. 

The  coals  of  Hurlet,  Gampsie,  Duntocher,  and  Milngayie  are 
inferior,  and  are  used  for  steam  purposes  in  those  districts.  The 
Lesmahagow  and  Auchenheath  coal  is  used  for  the  production  of 
gas,  and  is  the  most  valuable  of  Scotch  cannels. 

Detailed  descrvption  of  Ironstone  Seams, — The  Palacecraig 
Blackband  ironstone  is  a  seam  of  inferior  quality,  very  poor  and 
yielding  only  a  smaU  percentage  of  metallic  iron.  It  has  been  worked 
only  by  the  Gtirtsherrie  Iron  Company  at  Palacecraig  near  Airdrie. 
It  extends  over  a  large  area  in  the  Coatbridge  district,  but  its  quality 
has  never  been  found  such  as  to  warrant  its  being  much  worked. 

The  Airdrie  Blackband  ironstone  may  be  said  to  be  abnost 
wholly  exhausted.  It  was  upon  this  seam  that  the  majority  of  the 
ironworks  at  Coatbridge  were  founded.  It  was  discovered  by  the 
late  Mr.  David  Mushet  about  the  beginning  of  the  century,  and  was 
highly  valued  for  its  freedom  from  deleterious  impurities  and  for 
the  quantity  of  carbonaceous  matter  which  it  contained. 

The  Soft  Blackband  ironstone  resembles  the  Palacecraig  iron- 
stone in  point  of  quality.  It  was  worked  near  Airdrie,  but  was 
abandoned  on  account  of  its  inferior  quality. 

The  Cleland  Roughband  ironstone  is  peculiar  to  the  mineral  field 
around  Cleland.  It  is  a  clayband  yielding  about  1000  calcined 
tons  per  acre. 

The  BeUside  ironstone  is  found  and  worked  in  a  limited  area 
near  Bellside,  about  1^  mile  south  east  of  Newarthill.    It  is  a  black- 
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band  ironstone  of  good  quality,  and  worth  abont  16«.  per  ton  at  tlie 
Coatbridge  works.  Tbe  most  extensive  working  of  tbis  seam  is  at 
Qreenbill  in  the  parish  of  Shotts. 

The  Calderbraes  ironstone  is  a  band  lying  in  the  position  of  the 
EUtongae  coal,  bnt  not  extending  oyer  a  large  area.  It  is  worked 
at  Faskine  near  Airdrie  and  at  the  Calderbank  Iron  Works.  There 
is  a  thin  gas  coal  in  connection  with  the  seam,  which  has  recently 
be^i  nsed  for  the  production  of  parafi&ne  oil. 

The  next  seams  are  the  Slaty  bands  of  ironstone,  which  are  the 
only  seams  lying  in  the  npper  series  of  minerals  that  are  likely  to  yield 
a  supply  of  blackband.  The  geological  positions  of  these  seams 
extend  over  an  area  equal  to  30  or  40  square  miles,  a  large  part  of 
which  however  is  wholly  unproved,  while  an  equally  large  part  has 
been  proved  to  contain  nothing  beyond  the  mere  position  of  the 
seams,  the  ironstones  themselves  being  found  to  have  thinned  out. 
Both  in  thickness  and  quahty  these  seams  are  exceedingly  variable, 
measuring  in  some  places  as  little  as  4  inches  thick,  and  in  others  as 
much  as  3  or  4  feet.  In  its  best  state  the  quality  of  the  ironstone  is 
nearly  equal  to  the  Airdrie  blackband ;  while  at  many  places  to  the 
north  of  Airdrie  it  contains  so  large  a  proportion  of  sulphur  as  to 
render  it  quite  unfit  for  ironmaking  purposes.  These  bands  of 
ironstone  have  been  mostly  worked  at  Bathgate,  Crofthead,  and 
Shotts.  There  are  three  slaty  bands  of  ironstone  as  proved  at  Arden. 
The  first  of  these  is  about  7  inches  thick,  and  is  supposed  to  be  the 
same  seam  as  that  worked  at  QttrbethiD,  Todsbughts,  Cameron 
Glen,  and  Arden.  The  second  or  mid  slaty  band  is  about  15  inches 
in  thickness,  and  is  supposed  to  be  the  same  ironstone  as  that 
found  at  Btepends,  Crofthead,  Armadale,  and  Shotts.  The  third 
band  ranges  in  thickness  from  7  inches  to  4  feet,  and  lies  in  the 
same  position  as  the  seam  at  Goodockhill.  In  the  neighbourhood 
of  Bathgate  the  mid  seam  lies  in  connection  with  the  fiimous 
Torbanehill  coal,  so  highly  valuable  for  the  production  of  paraffine  oil. 

The  next  valuable  seams  of  ironstone  are  those  lying  under  the 
Possil  or  Cowglen  limestone.  •The  first  of  these  are  the  Possil 
iponstoncfs,  two  seams  of  excellent  quality,  the  first  of  which  is  about 
14  inches  thick  and  the  second  about  10  inches,  both  lying  in 
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connection  witli  thin  beds  of  coal,  wliicli  conduces  mncli  to  economy 
in  working  them.  These  two  seams  of  ironstone  extend  over  a 
large  district,  and  generally  maintain  a  regnlar  thickness.  Under 
the  lowest  of  them  lies  the  Govan  gas  coal,  occupying  the  same 
position  as  the  Lesmahagow  and  Kjiightswood  gas  coal.  The 
quality  of  this  coal  is  best  and  it  is  worked  most  extensively  at 
Lesmahagow. 

The  next  seam  is  the  CaHfomia  Clayband  ironstone,  of  good 
quality,  and  worked  at  Kelvinside  to  the  west  of  Glasgow. 

The  Upper  ironstone  of  Gtirscadden  is  the  next  seam;  it  is 
a  blackband  of  first-rate  quality,  varying  from  8  to  14  inches  in 
thickness. 

The  Lower  ironstone  of  Garscadden  is  very  much  of  the  same 
quality  as  the  preceding ;  it  varies  in  thickness  from  4  to  14  inches. 

The  Qttribaldi  Clayband  ironstone  underlies  the  last  mentioned 
seam,  averaging  14  inches  thick. 

The  Dairy  or  Johnstone  Blackband  ironstone  lies  under  the 
preceding  seams,  varying  from  10  to  18  inches  in  thickness. 

The  ironstones  worked  at  Comrie,  Oakley,  Inzievar,  Cowdenbeath, 
and  Lumphinnans  in  Fifeshire — Blinneil,  Grange,  and  Balbardie  in 
Linlithgowshire — Croy,  Banton,  Kilsyth,  and  EorkintiUocli  in 
Dumbartonshire — Dolphingstone,  Tranent,  and  WaUyford  in  East 
Lothian — Dryden  in  Mid  Lothian — Johnstone  and  Paisley  in  Ken- 
frewshire — MuirTdrk  and  Dairy  in  Ayrshire — Possil,  Garscadden, 
Kenmure,  and  Cadder  in  Lanarkshire — correspond  in  position  with 
the  ironstones  lying  under  the  Possil  or  Cowglen  limestone. 

Between  the  Dairy  blackband  ironstone  and  the  Hurlet  coal  there 
are  numerous  clayband  ironstones ;  but  with  the  exception  of  one  or 
two  which  have  been  partially  worked  at  Hurlet  there  are  none 
workable.  In  the  position  of  the  Hurlet  coal  itself  there  is 
sometimes  found  a  band  of  ironstone,  as  at  Easterhouse  near 
Camwath ;  but  it  is  usually  so  contaminated  with  sulphur  as  to  be 
quite  unsuitable  for  ironmaldng  purposes. 

Fitting  and  Working  of  Collieries. — The  depth  at  which  the  seams 
of  coal  and  ironstone  are  usually  found  varies  from  20  to  about 
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400  yards.  The  pits  in  tlie  neighbourliood  of  Glasgow  reach  the 
Splint  coal  at  from  140  to  180  yards,  and  at  Baillieston  it  is  reached 
at  from  140  to  250  yards.  At  Wishaw  the  pits  seldom  exceed 
120  or  140  yards  to  the  Ell  coal.  The  deepest  pits  sunk  in  the 
district  are  the  Nitshill  Victoria  pit  near  Hurlet,  sunk  350  yards 
to  the  Hurlet  coal,  about  5  miles  south  west  from  Glasgow ;  and 
the  Snab  pit  at  Kinneil,  sunk  396  yards  to  the  Eastermain  coal. 
Some  of  the  pits  at  Possil  and  the  neighbourhood  are  sunk 
considerably  more  than  200  yards  to  the  Possil  ironstone. 

The  shape  of  the  pits  in  plan  is  generally  oblong,  varying  in  size 
from  10  by  5  feet  to  20  by  6  feet,  according  to  the  size  of  pumps 
to  be  put  in  the  shafts.  These  shafts  are  usually  divided  into  two 
compartments,  a  space  of  4  or  5  feet  at  the  rise  end  of  the  shaft 
being  kept  solely  for  the  purpose  of  the  upcast  shaft,  and  the 
remaining  distance  divided  for  the  pumping  and  winding  arrange- 
ments. Fig.  3,  Plate  74,  is  a  plan  showing  the  ordinary  division  of 
the  Bhs^,  the  upcast  dhaft  A  at  one  end  being  4  feet  wide,  and  the 
pumping  shaft  B  at  the  other  end  5  feet  wide,  while  the  centre 
portion  C,  9  feet  wide,  contains  two  sets  of  winding  gear.  The 
brattice  or  midwall  is  made  of  planks  of  red  pine  cut  to  the  width 
of  the  pit,  9  inches  deep  and  3  inches  thick,  let  into  the  wall 
on  each  side  of  the  pit,  and  made  air-tight  by  comer  rackings  of 
wood,  cut  out  of  timber  about  6  inches  square.  The  slides  for  the 
cages  are  of  red  pine,  usually  5  inches  square.  The  needles  op 
buntings  for  securing  the  slides  are  usually  cut  to  a  section  of 
about  9  inches  by  3  inches,  and  are  placed  in  the  shaft  about  9  feet 
apart. 

There  is  not  generally  much  water  in  the  Scotch  collieries.  The 
usual  size  of  the  pumps  varies  from  8  inches  to  16  inches  diameter 
of  the  rising  main ;  and  when  the  latter  size  is  not  exceeded,  the  rods 
are  usually  worked  by  bell  cranks  driven  by  a  horizontal  engine  with 
crank  and  flywheel.  Of  late  years  where  the  diameter  of  the  pipes 
has  exceeded  16  inches,  direct-acting  engines  have  been  adopted, 
with  the  cylinder  placed  vertically  over  the  pumping  end  of  the 
pit.  The  usual  length  of  the  lifts  or  sets  of  pumps  is  from 
90  to  100  yards. 

l2 
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Only  two  systems  of  working  coal  are  employed  in  tlie  district : 
that  of  "  Stoop  and  Room,"  and  the  "  Long  Wall "  working. 

The  Stoop  and  Room  system,  shown  in  Fig.  5,  Plate  75,  is  mnch 
the  same  as  that  known  in  England  as  the  **  pillar  and  staU."  As 
adopted  in  Scotland,  it  is  customary  to  proceed  with  the  working, 
leaving  pillars  or  "  stoops  "  D  D  containing  about  55  or  60  per  cent, 
of  the  coal  for  supporting  the  roof,  until  the  pit  has  reached  the 
limit  of  the  area  which  has  been  laid  out  for  working.  The  back 
working  is  then  commenced,  which  consists  in  driving  "  rooms " 
through  the  stoops  or  pillars  situated  to  the  rise  and  on  the  level, 
as  shown  at  E  E,  leaving  only  the  four  comers  of  the  pillar.  These 
comers  are  usually  left  6  to  8  feet  square,  and  are  left  in  the  pit 
permanently,  and  consequently  are  lost  to  the  coal  proprietor.  The 
proportion  of  coal  taken  out  of  the  field  by  this  system  varies  from 
70  to  85  per  cent,  of  the  total  quantity  of  coal  in  the  field.  Seams  of 
coal  above  4  feet  in  thickness  are  usually  worked  by  this  method. 

The  Long  Wall  system  is  that  usually  adopted  for  working 
seams  of  coal  under  4  feet  in  thickness  and  all  seams  of  ironstone. 
This  system  is  shown  in  Fig.  6,  Plate  76,  and  by  it  the  whole  of  the 
€oal  or  ironstone  is  taken  out  of  the  pit.  The  working  faces  F  F 
are  carried  forwards  continuously  from  the  shaft  towards  the  rise 
and  along  the  level  on  each  side ;  and  for  the  purpose  of  bringing 
away  the  coal  as  the  working  hcea  advance,  packed  roads  G-  G  are 
constructed  through  the  goaf,  by  building  up  parallel  walls  of  stone 
to  support  the  roof,  which  are  constantly  carried  forwards  as  the 
work  advances. 

The  underground  haulage  is  usually  conducted  by  horses 
drawing  on  roads  going  along  the  level  course  of  the  seam.  The 
rails  employed  are  of  cast  iron,  of  an  angle  shape,  about  4  inches 
deep  in  the  side,  cast  in  lengths  of  4  feet,  and  weighing  about 
60  rails  to  the  ton.  The  gauge  to  which  they  are  laid  is  usually 
about  2  feet  10  inches,  and  each  end  of  the  rail  is  spiked  to  a  larch 
sleeper,  6  inches  broad  by  2^  inches  thick,  costing  l^d,  to  2^d,  each. 
The  haulage  of  coals  from  dip  workings  is  accomplished  by  means 
of  stationary  engines  placed  underground,  and  supplied  with  steam 
from  boilers  at  the  surface.     The  steam  is  carried  down  the  upcast 
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end  of  the  sliafb  in  pipes,  and  tlie  exlianst  steam  from  tlie  engine  is 
conveyed  about  20  feet  up  the  shaft  in  pipes  and  then  discharged  to 
assist  the  ventilation.  In  some  cases  however  the  plan  of  letting 
the  exhaust  steam  escape  into  the  shaft  has  been  fonnd  to  injure 
the  walls  of  the  pit  by  loosening  the  strata ;  and  in  recent  fittings  it 
has  been  deemed  advisable  to  convey  the  steam  the  whole  distance 
np  to  the  snrface  in  pipes. 

The  dip  and  rise  of  the  strata  in  the  district  varies  from  1  in 
10  to  1  in  3»  When  the  inclination  is  so  steep  as  1  in  3,  the 
minerals  are  lowered  from  the  rise  workings  by  self-acting  inclines 
with  a  chain  and  a  horizontal  pulley  at  the  head  of  the  incline.  The 
pulley  is  usually  about  3  feet  in  diameter,  and  the  chain  for  lowering 
the  wagons  is  passed  twice  round  the  pulley  to  prevent  slipping. 
The  brake  is  applied  to  a  friction  ring  cast  on  the  side  of  the 
pulley. 

The  Scotch  collieries  cannot  be  said  to  be  fiery :  in  few  cases 
indeed  are  safety  lamps  required  in  working.  Each  pit  has  its 
fireman,  who  goes  round  the  working  faces  of  the  pit  each  morning 
before  the  men  proceed  to  work,  to  certify  that  all  are  free  from  fire. 
There  are  seldom  any  accumulations  of  gas  except  in  places  wholly 
shut  off  from  the  air  current.  In  the  "  stoop  and  room  '*  working, 
the  stoops  or  pillars  are  almost  invariably  turned  without  the 
assistance  of  fe,ce  brattices.  The  usual  method  of  conducting  the 
air  current,  as  shown  by  the  arrows  in  Figs.  5  and  6,  is  to  spUt  it  at 
the  pit  bottom  and  lead  it  round  the  working  faces,  and  back  to  the 
upcast  end  of  the  shaft  by  the  heading  drift  H  driven  straight  to 
the  rise  from  the  pit  bottom.  The  size  of  the  main  airways  is 
seldom  larger  than  20  square  feet  area,  and  the  quantity  of  air 
travelling  in  each  of  the  two  splits  does  not  often  exceed  10,000  cubic 
feet  per  minute,  or  20,000  cubic  feet  per  minute  total  quantity  of 
air  passing  through  the  entire  mine. 

The  furnace  is  the  universal  rarefying  power  for  ventilation. 
The  steam  jet  as  a  principle  has  not  been  adopted,  the  only 
applications  of  steam  for  ventilating  purposes  being  in  working 
with  underground  engines,  where  the  exhaust  steam  is  discharged 
into  the  upcast  shaft.     The  ftimaces  employed  for  ventilation  are 
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bnilt  a  good  deal  afber  tlie  Newcastle  model ;  not  so  large  certamlj, 
bnt  tlie  same  in  shape.  A  section  of  a  yentilating  fdmace  is  shown 
in  Fig.  4,  Plate  74 ;  the  firegrate  K  is  about  7  feet  long  by  5  feet 
wide,  placed  abont  20  inches  or  2  feet  above  the  floor.  The  spring 
of  the  arch  is  abont  3  feet  above  the  firebars,  and  the  arch  is 
tnmed  with  a  rise  of  abont  2|  feet  in  the  centre.  The  fnmace  is 
usually  placed  about  40  feet  back  from  the  upcast  shaft,  and  the 
arch  over  the  fire  is  built  forwards  into  the  shaft.  The  whole 
volume  of  the  return  air  from  the  workings  is  made  to  pass  over 
the  firegrate,  as  the  return  current  is  never  inflammable,  and  there 
is  never  any  necessity  for  dumb  drifts. 

The  usual  form  of  winding  engines  employed  is  a  pair  of  coupled 
horizontal  engines  with  cylinders  varying  from  20  inches  to  30  inches 
diameter,  4  to  5  feet  stroke,  and  10  to  13  feet  winding  drums  on  the 
first  motion.  The  weight  of  the  hutch  or  wagon  bringing  the  coal 
from  the  collier  is  about  4  cwts.,  and  it  contains  about  10  cwts.  of 
coal.  Two  hutches  are  usually  raised  at  a  time,  so  that  the  load  on 
each  rope  is  about  28  cwts.,  exclusive  of  the  cage  which  weighs 
from  5  to  7  cwts.  The  quantity  raised  from  each  pit  ranges  from 
60  to  350  tons  per  day.  Hemp  ropes  are  in  most  common  use: 
where  wire  ropes  are  used,  round  wire  ropes  are  becoming  more 
common  in  deep  pits.  Flat  wire  ropes  were  a  good  deal  used ;  but 
there  is  an  impression  among  Scotch  engineers  that  they  are  not 
economical,  and  this  is  attributed  to  an  unequal  straining  on  the 
different  plies  forming  the  rope,  and  they  have  been  abandoned  in 
many  collieries  on  this  account. 

The  cost  of  sinking  and  fitting  the  pits  of  course  depends 
entirely  upon  the  depth  and  the  quantity  of  water  to  be  contended 
with.  The  nature  of  the  strata  in  all  parts  of  the  coalfield  is  about 
the  same,  consisting  of  alternating  beds  of  sandstone  and  shale. 
Taking  the  average  quantity  of  water  to  be  raised  from  a  pit  at 
250  gallons  per  minute,  which  is  considered  a  fair  quantity  in  the 
district,  the  cost  of  fitting  and  sinking  a  pit  is — 

for  a  pit  120  yards  deep  abont  £3,000. 
„  160  yards  „  „  £5,000. 
„        200  yards    „        „     £7,000. 
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These  sums  are  exdusiye  of  the  cost  of  the  working  plant  for 
properly  working  the  colliery. 

The  cost  of  working  the  coal  and  putting  it  in  wagons  for 
deKvery,  including  royalty  and  all  charges,  varies  from  3«.  to  4«.  6d, 
per  ton  of  22^  cwts.  The  first  of  these  rates  represents  nearly  the 
cost  of  raising  the  Wishaw  Ell  coal,  and  the  latter  the  cost  for  the 
thinner  seams  nnder  the  Splint  coal.  The  cost  of  raising  and 
calcining  the  ironstone  ready  for  dehvery,  including  royalty  and  all 
charges,  varies  from  lOs,  to  18«.  per  ton  of  22|  cwts.  The  general 
average  cost  of  coal  at  the  Coatbridge  Iron  Works,  including 
lordship,  cost  of  working,  and  railway  charges,  ranges  from  5«.  to 
6«.  6d,  per  ton ;  and  the  cost  of  calcined  ironstone  from  13«.  6d,  to 
20«.  per  ton.  Limestone  is  generally  purchased  from  the  limestone 
quarriers,  and  costs  deHvered  at  the  works  about  68,  3(2.  per  ton. 

The  average  royalty  paid  to  the  landlord  is  about  Sd.  per  ton 
on  coal.  The  Wishaw  EU  coal  however  has  recently  realised  as 
noLUch  as  Is.  Sd,  per  ton.  The  lordship  on  gas  coal  is  one  eighth  of 
the  hill  price  or  the  price  at  the  pit  mouth.  On  blackband 
ironstone  the  lordship  is  28,  6d,  to  8«.  6d,  per  calcined  ton  of 
22|  cwts. ;  and  on  clayband  ironstone  1«.  to  1«.  3d.  per  calcined  ton 
of  22|  cwts.     The  lordship  on  limestone  is  about  4d,  per  ton. 

Mailway  <md  Gcmal  AccommodaUon, — The  district  is  accommo- 
dated by  the  Caledonian,  Edinburgh  and  Glasgow,  Monkland, 
Scottish  Central,  and  Glasgow  and  South  Western  Eailways ;  and 
by  the  Monkland,  Forth  and  Clyde,  and  Union  Canals. 

The  Caledonian  Railway  hes  over  the  most  valuable  part  of  the 
coalfield,  and  accommodates  the  most  valuable  coals  in  the  upper 
series  of  minerals.  On  the  line  from  Glasgow  to  Edinburgh  it 
passes  the  Caulm  limestone  and  fireclay  field  at  Gamldrk.  It 
enters  upon  the  coalfield  at  Gartcosh  station,  running  over  the 
outcrop  of  the  Kiltongue  coal.  It  then  passes  the  coUieries  of 
Qtu^herrie,  Coatbridge,  Whifflet,  Holytown,  and  enters  upon  the 
great  Wishaw  coalfield  at  Motherwell  and  leaves  it  near  Carluke. 
The  Lesmahagow  branch  brings  the  gas  coal  from  Lesmahagow, 
the  ironstone  from  Bankend,  and  the  upper  coals  from  Larkhall, 
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Allanton,  Femiegair,  and  otlier  collieries  sfi  far  np  the  line  as 
to  near  Auclienlieatli.  The  Wilsontown  branch  takes  the  gas  coal 
and  ironstone  from  Wilsontown  and  Forth.  The  Clydesdale  Junction 
branch  accommodates  the  Newton  and  Entherglen  coalfields,  and 
serves  as  a  route  for  the  conveyance  of  coal  from  the  Wiahaw  field 
to  the  sonth  and  east  districts  of  Glasgow.  The  coal  traffic  on 
this  line  finds  a  shipping  port  at  Glasgow,  Greenock,  Granton,  and 
Leith  on  one  system  of  railways ;  and  at  Kirkintilloch  on  board  canal 
boats  by  means  of  the  Kirkintilloch  branch  of  the  Monkland 
Bailways. 

The  Edinburgh  and  Glasgow  Railway  main  line  passes  over 
the  Fossil  and  Bishopbriggs  ironstone  field,  and  with  the  assistance 
of  the  Scottish  Central  and  Monkland  Bailways  opens  up  a 
communication  between  the  Coatbridge  ironworks  and  the  Denny 
ironstone  field.  The  Redding  collieries  are  on  the  main  line,  and 
the  Blackbraes  collieries  are  connected  with  it  by  the  Blackbraes 
branch.  The  Milngavie  and  Helensburgh  branches  pass  over  the 
Milngavie  and  Kelvinside  mineral  field.  The  only  shipping  port  of 
the  Edinburgh  and  Glasgow  line  on  its  own  system  is  Grangemouth, 
but  it  is  in  communication  with  Leith  and  Granton  by  the 
Caledonian  Railway. 

The  Monkland  Railway  system  accommodates  nearly  the  whole 
area  containing  the  accessible  portion  of  the  slaty  bands  of  ironstone, 
and  conveys  all  the  ironstones  arising  on  it  to  the  ironworks  over 
one  system  of  railway.  It  accommodates  the  Bathgate  coal  and 
ironstone  field,  and  the  coalfields  of  Slamannan  and  Airdrie.  The 
shipping  ports  on  the  canal  are  Causeway  End  and  Kirkintilloch, 
and  Boness  on  the  sea  board. 

The  ironstone  fields  of  Govan,  Paisley,  and  Johnstone  are 
accommodated  by  the  main  line  of  the  Glasgow  and  South  Western 
Railway. 

The  Monkland  Canal  conveys  the  coals  in  the  Baillieston  and 
Drumpeller  districts  to  the  ironworks  or  to  Glasgow,  or  to 
Greenock  by  the  Forth  and  Clyde  Canal.  The  Union  Canal 
conveys  the  coals  from  Redding  and  Causeway  End  to  Edinburgh. 
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In  conclusion  it  may  be  stated  generally  that  tlie  area  containing 
the  most  Talnable  coals,  which  are  those  abore  and  inclnding  the 
Splint  coal  seam,  is  comprised  wiiMn  the  area  shaded  dark 
on  the  general  plan,  Mg.  1,  Plate  72 :  it  is  bounded  on  the  west 
by  Glasgow ;  on  the  north  by  Greenfield,  Cardowan,  Easterhonse, 
Heatheryknowe,  Grartsherrie,  Airdrie,  and  Standrig;  on  the  east 
by  Clarkston,  Chapelhall,  and  Cleland ;  and  on  the  south  by  Dalserf 
and  Larkhall.  The  area  containing  the  Virtue  Well,  Kiltongue, 
and  Drumgray  coals,  and  the  ironstones  in  their  locality,  extends 
as  far  north  as  Jawcraig,  Falkirk,  and  Grangemouth;  east  as  far 
as  Bathgate ;  and  south  to  near  Carluke.  The  area  containing 
the  seams  in  the  locality  of  the  Possil,  G^rscadden,  and  Dairy 
ironstones  extends  as  &r  north  as  Duntocher,  Milngavie,  Kilsyth, 
and  Denny;  and  as  far  east  as  Bathgate  and  Wilsontown;  and 
nearly  as  &r  south  as  Lanark.  It  has  been  from  these  districts 
that  the  supply  of  coal  and  ironstone  has  been  almost  wholly 
derived  during  the  last  hundred  years. 

The  whole  Glasgow  mineral  district,  forming  the  subject  of  the 
present  paper,  contains  111  blast  fdmaces  producing  about  900,000 
tons  of  pig  iron  per  annum,  and  consuming  about 
2,500,000  tons  of  coal 
1,485,000  tons  of  ironstone 
445,000  tons  of  limestone. 
The    entire    district  contains    about   260   collieries,  which  raise 
annually  about  8,500,000  tons  of  coal,  or  nearly  11  per  cent,  of  the 
whole  produce  of  Scotland. 


Mr.  Neil  Eobson  thought  the  paper  just  read  gare  a  clear 
account  of  the  present  state  of  the  Glasgow  coalfield,  and  he  could 
confirm  the  accuracy  of  the  statements  contained  in  the  paper. 
He  enquired  whether  any  attempts  had  been  made  to  introduce 
coal-cutting  machines  practically  in  any  part  of  this  district,  as  he 
thought  an  appHcation  of  machinery  for  that  purpose  was  now 
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greatly  needed  for  enabling  the  coal  masters  to  keep  their  men  in 
order.  He  had  seen  a  coal-cutting  machine  at  work  at  Hetton 
ColHery,  Durham,  about  a  year  ago,  which  he  thought  highly  of  as 
a  step  in  the  right  direction,  though  it  would  require  a  great  deal  to 
be  done  to  it  in  order  to  make  it  practically  usefiil.  That  machine 
had  been  obtained  from  Leeds  by  Mr.  Nicholas  Wood,  for  the 
purpose  of  showing  it  in  operation  at  the  Hetton  Colliery  during 
the  meeting  of  the  British  Association  at  Newcastle.  It  was  driyen 
by  compressed  air,  which  was  conveyed  down  the  pit  and  then 
carried  to  the  working  fistce  of  the  coal  at  a  distance  of  500  yards 
from  the  bottom  of  the  shaft.  He  believed  these  machines  were 
already  increasing  in  number,  but  he  was  not  aware  of  any 
of  them  having  been  put  to  work  yet  in  the  neighbourhood  of 
Glasgow. 

Mr.  W.  MoOBB  believed  the  only  trial  yet  made  in  Scotland  of 
a  coal-cutting  machine  had  been  at  a  colliery  at  Bedding,  near 
Falkirk.  The  machine  was  worked  by  compressed  air,  conv^ed 
down  the  pit  in  pipes  of  3  or  4  inches  diameter,  and  led  a  quarter 
of  a  mile  underground  to  the  machine. 

Mr.  Ralph  Moobe  said  he  had  witnessed  the  experiments  with 
two  different  coal-cutting  machines  at  the  West  Ardsley  Collieiy 
near  Wakefield  and  at  Bedding  Colliery  near  Falkirk,  but  in  neither 
case  did  the  results  lead  him  to  think  that  the  machine  would  become 
practicable  for  some  time  to  come.  The  West  Ardsley  machine  was 
simply  an  ordinary  pick  worked  through  a  bell-crank  lever  by  the 
piston  rod  of  the  air  cylinder,  giving  a  motion  corresponding  to  the 
ordinary  horizontal  stroke  of  the  pick  in  hand  work :  this  did  not 
seem  to  work  very  well  at  present,  though  it  appeared  likely  to 
be  made  to  answer  ultimately.  The  trial  at  Bedding  had  been  made 
with  a  rotary  motion  of  two  picks,  something  like  a  circxdar  saw 
with  only  two  teeth,  which  had  appeared  to  be  a  better  plan :  as  yet 
however  the  machine  had  not  been  found  Mly  successfrd,  and  it 
had  consequently  been  abandoned  at  Bedding  for  the  present. 

Mr.  E.  A.  CowPER  said  that  the  coal-cutting  machine  workiiig  at 
the  West  Ardsley  Colliery  was  that  of  Messrs.  Donisthorpe  Firth 
and  Bidley  of  Leeds,  and  was  working  regularly  at  that  colliery. 
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The  action  was  simply  that  of  an  ordinary  pick,  worked  backwards 
and  forwards  by  means  of  a  bell-crank  lerer,  producing  the  same 
stroke  that  a  man  wonld  give  by  hand,  but  with  the  advantage  of 
greater  force  and  regularity  in  the  blows  of  the  machine.  The 
pressure  of  the  compressed  air  was  40  lbs.  per  square  inch,  and  the 
machine  was  worked  by  a  boy  moving  the  sUde  valve  of  the  air 
cylinder  by  a  handle  for  each  stroke  of  the  pick,  in  the  same  manner 
as  in  working  a  steam  hammer.  From  the  accounts  that  he  had 
heard  of  the  machine  it  appeared  to  be  a  thoroughly  practical 
one,  and  performed  the  work  of  undercutting  the  coal,  which  was 
ordinarily  done  by  the  colliers  lying  on  their  backs.  Mr.  Nicholas 
Wood  had  expressed  a  very  fiivourable  opinion  of  the  machine, 
stating  that  in  hard  coal  it  undercut  about  50  feet  length  in  the 
course  of  a  night,  and  in  softer  coal  about  100  feet ;  and  the  coal  so 
undercut  was  then  got  by  the  coUiers  in  the  day. 

The  President  enquired  what  length  of  coal  a  collier  could 
ordinarily  undercut  in  an  hour,  and  what  was  the  size  of  the 
excavation  made  in  undercutting  to  a  depth  of  3  feet  in  from  the 
&ce. 

Mr.  Kalph  Moobe  repHed  that  a  collier  could  undercut  about 

2  feet  length  of  coal  in  an  hour,  and  in  undercutting  to  a  depth  of 

3  feet  the  width  of  the  cut  would  be  about  6  inches  at  the  face, 
tapering  to  a  point  at  the  Airther  end.  The  motion  of  the  pick  in 
the  West  Ardsley  coal-cutting  machine  was  not  exactly  like  that 
given  by  the  colUer  by  hand,  as  the  machine  merely  struck  the  blow 
with  the  pick  by  a  reciprocating  movement,  but  a  collier  afber 
striking  the  blow  used  the  pick  as  a  wrench  to  break  the  coal  away ; 
and  until  that  wrenching  motion  also  was  obtained  in  working  the 
pick  by  the  machine,  he  did  not  think  it  would  succeed  very  well. 
The  circular  saw  motion  that  had  been  tried  at  Bedding  had  been , 
attempted  as  an  improvement  upon  the  simple  pick,  and  the  machine 
at  Bedding  undercut  a  length  of  about  3  or  4  yards  per  hour  to  a 
depth  of  3  feet  iq.  That  was  the  greatest  amount  of  work  it  had 
accomplished  in  the  hard  coal  at  Bedding;  but  the  machine  at 
West  Ardsley  had  done  considerably  more,  because  it  was  working 
in  very  much  softer  coal. 

m2 
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Mr.  Neil  Robso'n  remarked  that  tlie  macliiiie  wHcli  lie  had  seen 
at  work  at  the  Hetton  Colliery  gave  a  great  saving  in  coal  as  well 
as  in  collier's  labour ;  since  instead  of  taking  out  a  cut  6  or  9  inches 
wide,  as  in  hand  cutting,  it  made  a  cut  only  about  2  J  inches  wide 
on  an  average,  and  thus  saved  the  rest  of  the  coal  that  would  have 
been  excavated  in  hand  labour,  as  the  coal  cut  out  was  all  made 
into  dross  or  slack  by  the  process  of  cutting.  This  did  not  matter 
so  much  in  the  case  of  the  Newcastle  coal,  as  that  was  a  caking 
coal,  and  therefore  the  small  coal  was  valuable  and  could  be  used 
for  making  coke;  but  with  other  coals  the  small  coal  was  not  of 
so  much  use,  and  was  in  fact  partly  wasted.  The  saving  effected 
by  the  machine  in  cutting  the  coal  was  therefore  great  in  respect  of 
coal  as  well  as  in  labour.  He  accordingly  hoped  to  see  coal-cutting 
machines  brought  into  more  general  use. 

Mr.  J.  Manning  had  seen  a  hydraulic  coal-cutting  machine  at 
work  at  the  Kippax  Colliery  near  Leeds,  constructed  by  Messrs. 
Carrett  and  Marshall,  having  a  horizontal  arm  projecting  from  the 
piston  rod  at  the  side  of  the  machine  and  carrying  a  cutting  tool  or 
chisel,  which  was  worked  by  water  pressure  with  an  action  like  a 
horizontal  slotting  machine ;  so  that  as  the  machine  travelled  along 
the  face  of  the  coal,  the  tool  cut  out  a  narrow  notch  or  slot  to  the 
required  depth.  It  thus  saved  the  large  amount  of  waste  that  was 
occasioned  by  the  quantity  of  small  coal  necessarily  made  in  under* 
cutting  by  hand  labour. 

Mr.  W.  P.  Beale  enquired  whether  there  was  found  to  be  any 
danger  of  spontaneous  ignition  of  the  coal  in  the  Scotch  collieries 
in  working  on  the  long  wall  system,  where  it  was  necessary  to  keep 
roads  open  through  the  goaf;  and  what  precautions  were  adopted 
to  guard  against  such  an  occurrence.  He  asked  also  whether  any 
case  was  known  in  which  ignition  had  been  the  result  of  the 
exposure  of  pyrites  to  the  air  in  the  pit,  or  whether  there  was  any 
other  cause  of  danger. 

Mr.  W.  Moore  believed  the  only  coal  in  Scotland  liable  to 
Spontaneous  ignition  was  the  Hurlet  coal,  the  lowest  in  the  coal- 
field. It  took  fire  a  few  years  ago  in  the  Victoria  Pit  West,  near 
Mtshill,  but  the  fire  was  very  slight,   and  was  soon  put  out. 
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In  tliat  case  the  ignition  was  attributed  to  pyrites,  nor  did  he  know 
of  any  other  canse.  Spontaneous  ignition  however  was  not  by  any 
means  of  frequent  occurrence,  and  that  was  the  only  instance  of  it 
that  he  knew  of  during  the  past  seren  or  eight  years. 

Mr.  Ralph  Moore  said  that  in  collieries  where  there  was  any 
liability  to  spontaneous  ignition  of  the  coal,  in  working  on  the  long 
wall  system,  the  practice  was  to  build  a  double  wall  on  each  side  of 
the  roads  through  the  goaf,  the  centre  of  each  wall  being  filled  in  like 
a  cofferdam  with  about  6  or  8  inches  thickness  of  sand.  Then  when 
the  roof  came  down  it  compressed  the  sand  and  made  the  wall^ 
perfectly  air-tight,  prerenting  any  air  from  getting  through  into  the 
goaf.  He  had  had  occasion  recently  to  examine  some  workings 
where  the  roads  had  been  constructed  in  that  way  through  the  goaf, 
and  at  one  place  he  had  had  a  hole  broken  into  the  wall  at  a  distance 
of  about  30  yards  behind  the  point  to  which  the  workings  of  the 
coal  had  then  advanced,  in  order  to  see  the  state  of  the  wall  after 
standing  that  length  of  time;  and  he  foxmd  the  layer  of  sand 
inside  the  wall  was  quite  solid,  forming  an  effectual  barrier  to 
the  passage  of  air. 

The  President  enquired  what  was  the  relative  durabiHty  of  the 
hemp  and  wire  ropes  used  for  winding  in  the  pits,  and  whether  any 
steel  wire  ropes  were  used  for  the  purpose  in  the  Scotch  collieries ; 
also  what  diameter  of  pulley  was  generally  used  for  them  to 
work  over. 

Mr.  W.  MooRE  had  found  that  a  hemp  rope  used  for  winding 
in  a  pit  200  yards  deep  lasted  about  15  months  with  ordinary 
working,  drawing  from  150  to  200  tons  per  day ;  and  a  round  iron 
wire  rope  under  the  same  work  lasted  12  or  13  months,  while  a  flat 
wire  rope  lasted  only  about  11  months.  The  pulleys  employed  over 
which  the  rope  passed  were  generally  IQ  to  12  feet  diameter.  He 
did  not  know  of  any  steel  wire  ropes  being  used  at  any  of  the 
collieries  in  that  district. 

Mr.  D.  Adamson  believed  steel  wire  ropes  were  now  being 
adopted  for  winding  at  several  collieries  in  England,  and  had  no 
doubt  their  application  for  that  purpose  would  be  very  valuable,  as 
he  understood  the  practical  success  of  steam  ploughing  had  been 
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attributed  by  Mr.  Fowler  in  a  great  measttre  to  tbe  introduction  of 
steel  wire  ropes  in  place  of  iron  wire,  on  account  of  the  superior 
strengtli  and  lightness  of  the  steel  ropes.  The  results  of  working 
with  steel  wire  ropes  as  compared  with  hemp  ropes  for  coUieiy 
winding  had  been  found  to  be  that,  when  a  flat  wire  rope  passed 
over  the  windbg  drum  and  the  pulley  with  both  bends  in  the  same 
direction,  the  steel  rope  lasted  longer  than  the  hemp  rope  of  the 
same  original  tensile  strength;  but  in  windmg  with  two  ropes, 
the  second  rope  must  pass  oyer  the  pulley  and  under  the  winding 
dram,  and  was  thus  bent  in  opposite  directions ;  and  in  that  case 
a  steel  rope  was  found  not  to  last  half  as  long  as  when  both  the 
bends  were  in  the  same  direction. 

The  President  moved  a  vote  of  thanks  to  Mr.  Moore  for  his 
paper,  which  was  passed. 


The    following    paper,    communicated    through    Mr.    Danid 
Adamson  of  Manchester,  was  then  read: — 
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ON  THE  CONSTRUCTION  OF  BLAST  FURNACES 

AND  THE  MANUFACTURE  OF  PIG  IRON 

IN  THE  CLEVELAND  DISTRICT. 


Bt  Mb.  JAMES  6E0BGE  BEOKTON,  or  Whitbt. 


Within  the  last  ten  years  the  Blast  Furnaces  which  have  been 
erected  in  the  Cleveland  district  have  been  gradually  increased  in 
size  both  in  diameter  and  height ;  and  these  alterations  have  thus 
&r  been  attended  -with  good  results,  so  much  so  that  almost  all  the 
new  furnaces  now  in  course  of  erection  are  being  built  with  boshes 
ranging  from  16  feet  to  22|  feet  diameter,  and  from  60  feet  to  75  feet 
in  height  from  the  bottom  of  the  hearth  to  the  filling  plates  at  the 
top.  Previously  the  frimaces  ranged  from  13  feet  to  15  feet 
diameter  at  the  boshes  and  from  45  feet  to  50  feet  in  height,  the 
extreme  increase  being  about  70  per  cent,  in  both  dimensions.  The 
maTiTnuTn  diameter  of  the  boshes  appears  not  yet  to  have  been 
attained ;  and  the  limit  to  the  height  wiU  apparently  be  found  in  the 
strength  of  the  coke  to  support  the  crushing  force  of  the  high 
column  of  materials  in  the  large  blast  furnace.  The  make  of  pig 
iron  has  increased  at  the  same  time  from  200  tons  per  week  in  the 
small  frumaces  to  300  tons  in  the  large  furnaces. 

The  average  quantity  of  materials  used  in  the  production  of  one 
ton  of  pig  iron  in  the  large  frimaces  is  as  follows : — 

26  cwts.  of  Durham  coke, 

70  cwts.  of  Oleveland  ironstone, 

16  cwts.  of  limestone, 

10  cwts.  of  coal  for  boilers,  hot-blast  stoves,  and  calcining  kilns. 

121  cwts.  total 

OP  about  6  tons  of  materials  per  ton  of  iron  made.  Formerly  the 
quantity  of  coke  used  per  ton  of  iron  made  averaged  35  cwts. 
ii^Btead  of  26  cwts.,  and  the  quantity  of  coal  20  cwts.  iostead  of 
10  cwts.      The  writer  does  not  attribute  the  whole  of  the  saving  of 
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fael  wliicli  has  taken  place  to  the  increased  size  of  the  fdrnaces 
alone,  as  there  are  several  other  improvements  which  have  combined 
to  produce  an  economy  of  fdel  in  the  mannfacture  of  pig  iron  in 
the  Cleveland  district,  of  which  the  following  are  some  of  the 
principal : — 

First,  the  more  efficient  management  which  has  taken  place  at 
the  different  works. 

Second,  the  better  adaptation  of  engine  power  and  hot-blast 
stoves  to  the  requirements  of  the  furnaces. 

Third,  the  improved  system  of  calcining  the  ore,  which  was 
formerly  carried  on  by  clamping  in  the  open  air,  but  is  now 
performed  in  properly  constructed  calcining  kilns. 

Fourth,  the  higher  degree  of  temperature  of  the  blast  supplied 
to  the  furnaces,  which  was  formerly  heated  in  the  hot-blast  stoves  to 
only  600°  or  700°  Fahr.,  but  is  now  very  generally  being  supplied 
to  the  ftimaces  at  a  temperature  of  from  800°  to  900^. 

Fifth,  the  plan  of  taking  off  the  waste  gas  from  the  furnaces  and 
burning  it  at  the  boilers  and  hot-blast  stoves,  in  place  of  using 
additional  coal  for  this  purpose. 

The  application  of  the  waste  gas  to  the  boilers  and  hot-blast 
stoves  is  becoming  very  general  at  the  different  works  in  the 
district ;  and  arrangements  are  now  being  made  at  several  of  the 
new  works  in  course  of  erection  for  applying  it  to  the  calcining 
Hhis,  for  the  purpose  of  calcining  the  ironstone.  The  plan  in 
general  use  for  taking  off  the  gas  from  the  blast  frimace  is  the  closed 
ftimace  top  with  bell  and  hopper  sufficiently  large  to  charge  from 
8  to  10  tons  of  materials  into  the  furnace  at  once,  and  with  an 
arrangement  for  raising  and  lowering  the  bell  by  hand.  The 
impression  seems  to  be  gaining  ground  that  taking  off  the  gas  with 
the  closed  top,  and  in  connection  with  a  large  chimney  double  the 
height  of  the  furnaces,  does  not  interfere  with  the  operations  of  the 
large  furnace,  either  as  regards  economy  of  fuel  or  quality  and 
make  of  iron. 

A  noticeable  feature  in  the  large  ftimaces  is  the  greater  amount 
of  time  the  materials  are  allowed  to  remain  in  the  ftimace.  The 
capacity  of  the  Thomaby  ftimaces,  shown  in  section  in.  Fig.  4, 
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Plate  80,  with  20  feet  boshes  and  60  feet  height,  is  12,361  cubic 
:feet ;  the  area  of  the  boshes  is  314  square  feet,  and  the  make  of  iron 
300  tons  weekly  per  furnace.  The  capacity  of  the  small  ftimaces 
which  were  formerly  erected,  with  14  feet  boshes  and  50  feet  height, 
is  5553  cubic  feet ;  the  area  of  the  boshes  is  154  square  feet,  and 
the  make  of  iron  200  tons  weekly  per  ftimace.  In  the  large  Aimace 
therefore  there  are  more  than  twice  the  quantity  of  materials 
imdergoing  the  process  of  heating,  and  also  remaining  a  longer 
time  in  the  ftimaee.  Moreover  the  area  of  the  boshes  in  the  large 
ftimace  being  double  that  in  the  small  furnace,  while  the  quantity 
of  iron  produced  by  the  large  ftimace  and  consequently  the  quantity 
of  blast  supplied  is  only  one  and  a  half  times  as  much  as  in  the 
small  ftimace,  it  follows  that  the  ascending  gases  pass  through  the 
materials  at  a  slower  velocity  and  at  a  lower  temperature  in  the 
large  ftimace.  This  allows  the  coke  to  descend  to  the  zone  of 
fusion  without  losing  so  much  of  its  carbon  in  the  formation  of 
carbonic  oxide  as  previously  in  the  small  ftimace ;  and  hence  arises 
the  greater  economy  of  ftiel  in  the  large  ftimace.  To  produce 
300  tons  of  pig  iron  per  week,  the  large  ftimace  requires  to  be 
8uppHed  with  8000  cubic  feet  of  blast  per  minute  at  a  pressure  of 
3  lbs.  per  square  inch. 

rig.  1,  Plate  11^  is  a  vertical  section  of  one  of  four  furnaces  at 
the  Ormesby  Iron  Works,  Middlesbrough,  belonging  to  Messrs. 
Cochrane.  These  ftimaces  were  erected  in  1855,  and  were  the 
largest  in  the  district  at  that  time ;  the  boshes  are  16  feet  diameter 
and  the  height  is  56|  feet.  The  ftimaces  are  constructed  upon 
land  consisting  of  mud  and  silt,  and  piling  had  therefore  to  be 
resorted  to  in  order  to  secure  a  good  foundation  for  the  ftimaces. 
A  bed  of  concrete  was  placed  on  the  top  of  the  piles,  and  six 
inverted  arches  were  turned  on  the  top  of  the  concrete,  and  the 
brick  pillars  carried  up,  and  strong  cast  iron  bearers  fixed  across 
the  top  for  carrying  and  binding  the  brickwork  of  the  barrel  and 
boshes.  The  outer  shell  is  bound  with  wrought  iron  hoops,  fixed 
near  enough  together  to  prevent  the  barrel  firom  cracking.  The 
boshes  are  at  an  angle  of  75^  ft'om  the  horizontal. 
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Fig.  2,  Plate  78,  is  a  vertical  section  of  one  of  four  fomacea 
erected  in  1868  at  the  Jarrow  Iron  Works,  Newcastle-on-Tyne. 
There  was  a  good  strong  clay  for  the  foundations  of  the  furnaces  to 
rest  upon ;  the  brickwork  was  carried  up  to  the  floor  line,  then 
twelye  cast  iron  columns  were  erected,  and  wrought  iron  casings 
fixed  on  the  top  of  these.  The  casings  extend  from  the  top  of 
the  five  tuyere  houses  to  the  top  of  the  boshes,  above  which  the 
barrel  is  bound  with  wrought  iron  hoops  supported  by  T  irons, 
the  latter  being  carried  up  to  the  top,  and  a  flat  ring  rivetted  to 
them  sufficiently  strong  to  carry  the  floor  plates.  The  boshes  are 
18  feet  diameter,  at  an  angle  of  66^  from  the  horizontal,  and  the 
frimaces  are  60  feet  high. 

Fig.  3,  Plate  79,  is  a  vertical  section  of  one  of  three  furnaces  at 
the  Normanby  Iron  Works,  Middlesbrough,  belonging  to  Messrs. 
Jones,  Dunning  and  Co.  These  furnaces  were  erected  in  1860,  and 
are  constructed  upon  a  bed  of  concrete,  on  clay  of  a  weak  nature ; 
they  are  supported  on  brick  pillars  and  hooped  similarly  to  the 
Ormesby  furnaces.  The  boshes  are  18  feet  diameter,  at  an  angle 
of  72^  from  the  horizontal,  and  the  j^imaces  are  58  feet  high. 

Fig.  4,  Plate  80,  is  a  vertical  section  of  one  of  three  frimaces 
erected  in  1862  at  the  Thomaby  Iron  Works,  South  Stockton- 
on-Tees,  belonging  to  Messrs.  Whitwell.  These  ftimaces  are 
constructed  upon  piles,  in  consequence  of  the  land  being  mud  and 
silt ;  they  stand  each  upon  twelve  cast  iron  columns,  and  are  cased 
with  iron  similarly  to  the  Jarrow  furnaces.  The  boshes  are  20  feet 
diameter,  at  an  angle  of  68^  from  the  horizontal,  and  the  furnaces 
are  60  feet  high. 

Fig.  5,  Plate  81,  is  a  vertical  section  of  one  of  three  frimaces 
which  are  being  erected  at  the  Acklam  Iron  Works,  Middlesbrough, 
by  Messrs.  Stevenson,  Wilson,  Jaques  and  Co.  They  are  being 
built  on  piles,  in  consequence  of  the  land  being  mud  and  silt,  and 
are  each  supported  by  twelve  cast  iron  pillars.  The  brickwork 
around  the  boshes  is  cased  with  plates,  and  from  the  boshes  up  to 
the  top  the  barrel  is  bound  with  hoops  and  T  irons.  The  boshes 
are  22|  feet  diameter,  at  an  angle  of  68^  from  the  horizontal,  and 
the  fdmaces  are  70  feet  high.     These  furnaces  the  writer  believes 
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io  be  the  largest  in  dimensions  that  have  ever  been  erected,  and 
iheir  contents  will  amonnt  to  no  less  than  1250  tons  of  materials  per 
fdmace :  they  are  expected  to  produce  each  350  tons  of  pig  iron 
per  week. 


Mr.  D.  Adamson  regretted  that  Mr.  Beckton  was  unexpectedly 
prevented  from  being  present  at  the  meeting.  With  some  of  the  blast 
furnaces  in  the  Cleveland  district  he  had  himself  had  an  opportunity 
of  becoming  acquainted ;  and  in  reference  to  the  semiclosed  plan  of 
furnace  top,  for  taking  off  a  portion  of  the  gas  from  the  furnace 
throat,  as  shown  in  the  drawing  of  the  Thomaby  furnace,  Fig.  4, 
the  construction  of  top  in  this  case  was  similar  to  that  in  use  at 
Messrs.  Schneider's  furnaces  near  Ul  vers  tone ;  but  although  at  the 
Ulverstone  furnaces  it  had  been  found  to  work  so  successfully  that 
the  same  plan  was  being  adopted  for  more  furnaces  at  the  same 
works,  in  the  particular  instance  of  the  Thomaby  furnaces  it  had 
not  been  foxmd  to  answer.  The  centre  tube  or  brick  chimney  for 
taking  off  the  gas  was  carried  upon  six  arches  springing  from  the 
inside  of  the  frirnace  throat,  and  the  charging  of  the  materials  into  the 
furnace  was  done  through  the  spaces  left  betTy^een  the  arches ;  and 
the  reason  of  the  failure  of  the  plan  at  the  Thomaby  furnaces  was 
that  constant  trouble  was  occasioned  by  the  damage  done  to  these 
arches  in  charging,  owing  to  the  large  size  of  the  material  in  the 
charges.  The  Cleveland  ironstone  was  raised  from  the  mines  and 
supplied  to  the  ftimaces  in  very  large  pieces,  and  would  not  pay  for 
being  broken  to  a  smaller  size,  on  account  of  its  friable  nature  and 
the  quantity  of  waste  that  would  be  made  in  breaking  it  up  ;  and 
in  charging  the  ftimace  with  these  large  pieces  they  broke  down  the 
arches  carrying  the  centre  tube,  so  that  this  plan  had  now  been 
abandoned  at  the  Thomaby  furnaces,  and  they  were  about  to  have 
closed  tops  put  on  of  the  usual  construction  for  taking  off  the  whole 
of  the  gas. 

n2 
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Independent  however  of  the  trouble  arising  with  the  arches  in 
the  semiclosed  plan  of  furnace  top,  it  was  also  found  at  the  Thomaby 
famaces  that  the  portion  of  the  gas  so  taken  off  was  not  sufficient 
in  quantity  for  the  purposes  of  raising  steam  at  the  works  and 
heating  the  blast,  even  without  attempting  to  use  any  of  the  gas  for 
calcining  the  ironstone.  In  the  discussion  of  this  subject  at  tke 
Liverpool  meeting  in  last  year  he  had  urged  the  desirability  of 
taking  off  the  whole  of  the  gas  from  a  ftimace,  on  account  of  the 
large  additional  heating  power  then  at  command ;  and  this  view 
appeared  to  be  confirmed  by  the  experience  in  the  present  instance 
at  Thomaby,  and  by  the  statement  given  in  the  paper  just  read  that 
at  some  of  the  Cleveland  furnaces  where  the  top  was  entirely  closed 
the  gas  was  likely  to  be  employed  for  calcining  the  ironstone  in 
addition  to  heating  the  steam  boilers  and  the  hot-blast  stoves. 

The  President  enquired  what  was  the  effect  of  the  increased 
size  of  the  Cleveland  blast  furnaces  upon  the  quality  of  the  iron 
made. 

Mr.  D.  Adamson  understood  that  in  the  larger  furnaces  foundry 
iron  was  made  with  rather  less  trouble  than  in  the  smaller  ones ; 
and  with  considerably  less  fuel,  according  to  the  statement  in  the 
paper.  The  charge  was  thus  lighter  and  the  iron  was  made  at  less 
cost  in  the  larger  fdmaces,  which  was  attributed  in  the  paper  to  the 
greater  length  of  time  that  the  materials  remained  in  the  larger 
furnaces. 

The  President  asked  what  size  of  blowing  engine  was  used  for 
the  large  furnace  at  the  Acklam  Iron  Works. 

Mr.  D.  Adamson  was  not  aware  what  size  of  engine  was  used  at 
the  Acklam  fdmaces,  but  the  majority  of  the  Cleveland  ftimaces 
were  supplied  with  blast  by  a  number  of  small  blowing  engines,  and 
the  rest  by  a  single  large  engine.  With  regard  to  the  pressure  oi 
the  blast,  he  believed  3 lbs.  per  square  inch  or  rather  less  was  usually 
about  the  pressure  at  the  engine  in  the  Cleveland  district,  but  he 
doubted  whether  the  full  pressure  of  the  blast  was  always  obtained 
in  the  furnaces,  as  it  had  been  found  by  applying  gauges  on  the 
tuyeres  at  the  Thomaby  fdmaces  that  the  pressure  at  that  point 
was  considerably  below  what  it  was  at  the  engine.     At  the  Norton 


CLEVELAND   BLAST   rURNACB&.  255 

fiimaces  of  Messrs.  WamOTS,  near  Stockton-on-Tees,  tlie  pressure 
originally  employed  of  2f  lbs.  per  square  inch  had  now  been  reduced 
to  only  ^  lb.  per  square  inch ;  and  he  understood  the  lighter  blast 
was  preferred  at  those  ftimaces,  and  that  a  greater  quantity  of 
foundry  iron  was  made  than  with  a  heavier  pressure  of  blast. 

The  President  enquired  what  was  the  usual  number  of  tuyeres 
in  the  Cleveland  furnaces. 

Mr.  D.  Adamson  replied  that  firom  three  to  six  tuyeres  were 
usually  employed.  At  the  Norton  ^imaces  three  large  tuyeres 
were  now  used  with  the  light  blast,  instead  of  six  smaller  tuyeres 
employed  previously  with  the  heavier  blast ;  and  from  the  reduction 
in  the  pressure  of  the  blast,  much  less  engine  power  was  now 
required  in  blowing  the  frimaces  for  the  same  make  of  iron.  At 
another  ftimace  however  in  the  neighbourhood,  the  engines  had 
been  kept  loaded  to  2f  lbs.  per  square  inch  pressure,  while  the 
pressxrre  of  the  blast  was  reduced  by  throttling  its  passage  through 
the  main  by  means  of  a  stop  valve ;  and  in  that  instance  consequently 
the  ftdl  benefit  of  saving  in  engine  power  by  working  with  a  Hghter 
blast  had  not  been  realised. 

Mr.  G-.  Thomson  observed  that  the  size  of  the  blast  ftirnace  was 
a  very  important  subject  to  iron  makers,  and  one  upon  which 
experience  differed  a  good  deal ;  and  it  was  therefore  highly 
desirable  to  get  all  the  information  possible,  in  order  to  make  a 
fair  comparison  between  different  sizes  of  ftimace.  One  point  to  be 
enquired  into  was  the  relative  quantity  of  iron  produced  and  of 
blast  supplied  in  the  large  and  small  ftimaces  :  in  the  large  furnaces, 
60  feet  high  and  20  feet  diameter  of  boshes,  making  300  tons  of 
iron  per  week,  the  quantity  of  blast  had  been  stated  in  the  paper 
to  be  8000  cubic  feet  per  minute ;  and  he  enquired  what  was  the 
quantity  of  blast  supplied  to  the  smaller  ftimaces,  50  feet  high  and 
14  feet  diameter  of  boshes,  making  200  tons  of  iron  per  week. 

Mr.  Neil  Robson  did  not  know  the  quantity  of  blast  supplied  in 
the  smaller  Cleveland  furnaces,  but  in  the  blast  ftimaces  of  the 
Glasgow  district  the  quantity  of  blast  supplied  to  a  ftimace  about 
50  feet  high  and  16  feet  diameter  of  boshes  was  usually  supposed 
to  be  about  6000  cubic  feet  per  minute. 
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Mr.  C.  Cochrane  thought  the  8000  cubic  feet  of  blast  per  mintite, 
which  had  been  stated  to  be  the  supply  to  the  large  Cleveland 
furnaces,  must  be  the  theoretical  quantity  measured  by  the  total 
displacement  at  the  blast  engine,  without  any  allowance  being  made 
for  escape  between  the  piston  and  the  cylinder  and  for  leakages  in 
the  blast  main :  for  the  quantity  of  coke  consumed  in  the  furnace, 
26  cwts.  per  ton  of  iron  made,  woxdd  not  require  he  thought  more 
than  6000  to  6300  cubic  feet  of  blast  per  minute,  and  he  could  not 
understand  therefore  so  much  as  8000  cubic  feet  per  minute  being 
supplied  to  the  ftimace. 

Mr.  G.  Thomson  remarked  that  6000  cubic  feet  of  blast  per 
minute  would  be  a  maximum  quantity  in  Staffordshire,  and  there 
were  many  furnaces  of  smaller  size  in  that  district  to  which  a  much 
smaller  quantity  of  blast  was  supplied. 

Another  point  upon  which  further  information  was  required  in 
connection  with  the  Cleveland  blast  ftimaces  was  the  temperature 
of  the  blast  in  the  large  and  small  furnaces,  and  whether  the  large 
furnaces  had  been  worked  with  the  lower  temperature  of  blast  used 
in  the  smaller  ones.  It  appeared  from  the  paper  that  the  blast  for 
the  larger  ftimaces  was  heated  to  800°  Fahr.,  while  in  the  smaller 
furnaces  the  temperature  had  not  been  carried  beyond  600** ;  and 
in  order  that  a  fair  comparison  might  be  arrived  at  between  the 
different  sizes  of  furnace,  he  should  be  glad  to  know  the  result  of 
working  the  larger  ftimaces  at  the  lower  temperature  of  600°,  the 
same  as  the  small  furnaces,  since  the  conditions  of  working  should 
be  made  as  nearly  as  possible  the  same  in  the  different  furnaces. 
The  actual  temperature  of  the  blast  he  believed  was  generally  much 
higher  than  was  indicated  by  the  ordinary  rough  test  of  holding  a 
strip  of  lead  in  the  blast  to  be  melted  by  the  heat ;  since  in  order  to 
melt  the  lead  at  all  under  such  circumstances,  the  temperature  of 
the  blast  must  be  considerably  above  the  melting  point  of  the  metal, 
and  the  real  temperature  was  therefore  not  ascertained  with  any 
approach  to  accuracy  by  the  plan  of  melting  metals  in  the  blast. 
He  enquired  how  the  heat  of  the  blast  was  ascertained  when  it  was 
much  above  the  melting  point  of  lead,  and  whether  any  pyrometer 
was  employed  for  showing  the  temperature  accurately. 
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Mr.  C.  Cochrane  replied  that  for  temperatures  above  that 
indicated  by  the  melting  of  lead  in  the  blast  a  strip  of  zinc  was 
nsed  as  the  test  instead  of  lead,  and  by  that  means  a  temperature  as 
high  as  about  850°  was  indicated,  the  melting  point  of  zinc  being 
770°  Fahr. ;  for  the  actual  temperature  of  the  blast,  when  hot 
enough  to  melt  either  lead  or  zinc,  was  found  to  be  as  much  as 
80°  or  90°  above  the  melting  point  of  the  metal.  This  was 
ascertained  to  be  the  case  as  a  general  rule,  whatever  the  melting 
point  of  the  metal  employed,  as  was  shown  by  the  aid  of  the 
improved  pyrometer  constructed  on  the  principle  of  measuring  the 
temperature  of  a  copper  ball  heated  in  the  blast,  by  immersing  it  in 
a  vessel  of  water ;  which  afforded  the  means  of  measuring  with  the 
greatest  accuracy  the  highest  temperatures  that  were  likely  to  be 
met  with  in  practice. 

Mr.  E.  A.  CowPEE  explained  that  the  pyrometer  rrferred  to  was 
an  improved  arrangement  of  that  invented  by  Mr.  John  Wilson  and 
described  at  a  former  meeting  of  the  Institution  (see  Proceedings 
Inst.  M.  E.,  1852,  page  53),  and  was  a  very  simple  and  accurate 
contrivance  for  measuring  high  temperatures.  It  consisted  of  a 
copper  vessel  holding  exactly  a  pint  of  water,  and  a  small  cylindrical 
piece  of  copper  made  of  such  a  size  that  its  total  capacity  for  heat 
shoxdd  be  l-50th  that  of  the  pint  of  water ;  this  copper  piece  was 
held  for  a  sufficient  time  in  the  current  of  heated  blast  until  it 
had  acquired  the  ^U  temperature  of  the  blast,  and  it  was  then 
dropped  into  the  vessel  of  water,  when  each  50^  that  the  temperature 
of  the  copper  had  been  raised  produced  a  rise  of  1°  in  the  temperature 
of  the  water ;  and  thus  the  real  temperature  was  at  once  read  off 
from  a  thermometer  inserted  into  the  water,  having  a  properly 
divided  scale  showing  50°  for  each  1*  of  the  ordinary  scale  (see 
Proceedings  Inst.  M.  E.,  1860,  page  59).  It  was  by  this  means  that 
it  had  been  ascertained  that,  when  the  heat  of  the  blast  was 
tested  by  a  stick  of  metal  being  just  melted  on  exposure  to  the 
current,  the  actual  heat  of  the  blast  was  about  70°  to  90°  Fahr. 
above  the  melting  point  of  the  metal.  Thus  if  lead,  melting  at 
620°,  were  just  melted  by  the  blast,  the  heat  of  the  blast  might  be 
taken  to  be  about  690°  ;  zinc  melted  at  770°  and  would  show  about 
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840®  ;  and  antimony  did  not  melt  at  less  than  830°,  and  its  melting 
would  i^erefore  indicate  about  900®.  Of  course  if  the  stick  of  metal 
were  melted  quickly  in  the  blast,  it  showed  that  the  temperature 
was  much  higher  than  the  melting  point  of  the  metal;  and 
ordinarily  the  sticks  of  antimony  of  about  5-16ths  inch  diameter 
became  fdsed  in  3  or  4  seconds  by  exposure  to  the  heated  blast 
from  the  regenerative  hot-blast  stoves. 

Mr.  Neil  Robson  observed  there  could  be  no  doubt  as  to  the 
importance  of  the  question  of  the  height  of  blast  frimaces ;  and  it 
appeared  from  the  paper  a  height  of  70  feet  had  now  been  reached 
in  the  Cleveland  district,  while  in  the  neighbourhood  of  Glasgow 
the  highest  ftirnace  was  only  55  feet,  and  generally  the  frimaces 
were  not  more  than  42  feet  high.  At  the  Ardeer  Iron  Works  in 
Ayrshire,  where  there  were  four  fdmaces,  each  52  feet  high  and 
16  feet  diameter  at  the  boshes,  the  regular  make  of  iron  was 
1000  tons  per  week,  or  an  average  of  250  tons  per  week  from  each 
frimace :  occasionally  one  or  two  of  the  frimaces  would  make 
270  tons  per  week,  while  the  others  might  make  less  than  250  tons 
at  the  same  time  ;  but  1000  tons  per  week  was  the  regular  average 
make  throughout  the  year  taking  all  four  together.  The  highest 
make  in  the  Cleveland  district  was  .stated  at  about  300  tons  per  week, 
with  60  feet  height  and  20  feet  diameter  of  boshes ;  but  in  comparison 
with  the  Scotch  ^imaces  the  make  of  the  larger  Cleveland  fdmaces 
ought  to  be  as  much  as  400  tons  per  week  for  the  size  of  furnace  used. 
The  temperature  of  blast  employed  was  in  both  cases  from  800®  to 
900®,  and  the  pressure  about  3  lbs.  per  square  inch.  Hence  he 
thoughi  the  cause  of  the  smaller  produce  of  the  large  Cleveland 
furnaces  was  to  be  sought  in  the  materials  that  had  to  be  worked, 
the  nature  of  the  ironstone  to  be  smelted  and  the  quality  of  the  fuel 
to  be  used.  In  the  Ardeer  fomaces  the  ore  employed  was  in  a 
great  measure  the  blackband  ironstone,  and  the  fael  was  raw  coal ; 
and  he  presumed  these  must  be  easier  smelted  than  the  materials  in 
the  Cleveland  district,  since  the  Scotch  ftirnaceB,  though  so  much 
smaller,  produced  nearly  as  much  iron  in  the  same  time. 

The  President  enquired  whether  the  famaces  55  feet  high  and 
16  feet  diameter  at  the  boshes  were  the  largest  frimaces  in  the 
^asgow  district. 
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Mr.  Neil  Eobson  replied  that  those  were  the  largest  of  the 
Scotch  ftimaces.  The  increase  of  height  now  taking  place  in  the 
Cleveland  district  he  considered  was  a  step  altogether  in  the  right 
direction,  and  he  thought  the  proper  height  of  fdmace  had  probably 
not  yet  been  attained  in  Scotland. 

Mr.  F.  J.  Bramwell  enquired  what  was  the  amount  of  the 
different  materials  employed  in  the  Scotch  ftimaces  of  52  feet 
height  and  16  feet  diameter,  to  produce  a  ton  of  iron ;  because  the 
production  of  a  furnace  must  of  course  depend  upon  the  total 
quantity  of  the  materials  that  had  to  pass  through  it  for  each  ton 
of  iron  made.  It  appeared  fi^m  the  paper  that  in  the  Cleveland 
district  about  5|  tons  of  material  went  into  the  ftimace  per  ton  of 
iron  made ;  and  as  the  Scotch  blackband  ironstone  calcined  was  a 
fajp  richer  material  than  the  Cleveland  ironstone  calcined,  it  would 
be  expected  that  less  material  would  be  found  to  be  required  per  ton 
of  iron  in  the  Scotch  furnaces  than  in  the  Cleveland  furnaces,  and 
thus  the  production  of  the  latter  would  be  less  in  proportion  to  their 
capacity  than  that  of  the  Scotch  furnaces. 

Mr.  Neil  Robson  considered  the  quantity  of  materials  required 
in  the  furnace  per  ton  of  iron  made  must  certainly  depend  upon  the 
nature  of  the  ironstone  used ;  and  in  the  Scotch  ftimaces  that  he 
had  referred  to  the  ironstone  employed  was  about  two  thirds 
blackband  and  one  third  clayband  and  haBmatite  ore.  With  these 
ironstones  the  quantities  of  materials  required  to  make  a  ton  of 
pig  iron  were  about  38  cwts.  of  ironstone,  36  cwts.  of  raw  coal, 
6  cwts.  of  limestone,  and  10  cwts.  of  coal  for  the  boilers,  hot-blast 
stoves,  and  calcining :  making  a  total  of  4  tons  10  cwts.  of  materials 
required  per  ton  of  iron  made,  or  about  4  tons  passing  through  the 
blast  ftimace  to  yield  1  ton  of  iron,  as  compared  with  the  5^  tons 
stated  to  be  required  in  the  Cleveland  district  to  produce  the  same 
quantity. 

Mr.  D.  Adamson  observed  that  the  difference  was  still  more 
marked  in  the  case  of  ftimaces  working  with  the  hsematite  ironstone, 
where  the  quantity  of  ironstone  required  per  ton  of  iron  made  was 
about  35  cwts.,  with  5  cwts.  of  limestone  and  20  cwts.  of  coke, 
making  a  total  of  only  about  60  cwts.  or  3  tons  of  materials  passing 
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tbrongli  the  Aimace  to  make  a  ton  of  iron.  At  Messrs.  Schneider's 
furnaces  at  Ulverstone,  in  consequence  of  this  advantage  in  working 
the  haematite  ore,  he  understood  the  regular  make  of  each  i^umace 
was  not  less  than  400  tons  of  pig  iron  per  week,  which  could  be 
increased  to  600  tons  per  week  by  heavy  working ;  and  in  one 
instance,  by  way  of  trying  what  could  be  done,  a  production  of  as 
much  as  700  tons  in  a  week  had  been  obtained  from  one  famace. 
A  mere  glance  at  the  works  was  sufficient  to  show  the  great 
difference  in  the  ores  worked  in  the  two  districts,  by  the  comparative 
absence  of  slag  at  the  ^imaces  working  the  hfiematite  ore,  and  the 
very  large  quantity  of  slag  produced  from  the  Cleveland  fdmaces, 
which  indicated  the  larger  quantity  of  material  that  had  to  be 
operated  upon  in  the  latter  case  to  produce  a  ton  of  pig  iron.  In 
one  district  the  process  was  comparatively  cleanly,  while  in  the 
other  it  was  dirty  and  rough,  leaving  a  great  deal  of  refase. 

Mr.  F.  J.  Bbamwell  enquired  what  was  the  length  of  time  that 
the  charge  took  to  pass  through  the  ^imaces  of  the  different  sizes 
described  in  the  paper. 

Mr.  C.  Cochrane  said  that  in  the  Ormesby  furnaces  of  56|  feet 
height  and  16  feet  diameter,  36  hours  was  reckoned  as  the  time  that 
the  charge  remained  in  the  ^imace ;  that  is  from  the  time  the 
material  was  put  into  the  frimace  till  it  was  converted  into  iron  in 
the  hearth  36  hours  was  aU  that  was  necessary.  This  was  ascertained 
by  observing  that  when  any  alteration  was  made  in  the  charging  of 
the  materials  at  the  furnace  top,  it  took  about  36  hours  before  the 
corresponding  change  took  place  in  the  iron  produced  in  the  hearth. 
The  time  the  material  remained  in  different  sizes  of  famaces  was  in 
direct  proportion  to  the  capacity  of  the  fiimace  or  the  quantity  of 
material  contained  in  it,  provided  the  volume  of  the  blast  suppHed 
to  the  frimace  remained  the  same. 

Mr.  F.  J.  Bramwell  observed  that  if  that  were  the  case,  the 
length  of  time  that  the  materials  remained  in  the  large  frimaces 
would  probably  be  as  much  as  three  days ;  and  he  enquired  whether  it 
was  likely  they  were  actually  so  long  in  passing  through  the  Jfiimace. 

Mr.  C.  Cochrane  explained  that,  if  the  volume  of  blast  suppHed 
to  the  larger  frumaces  were  no  more  than  what  was  blown  into  the 


CLEVELAND   BLAST   FURNACES.  261 

smaller  Aimaces  in  which  the  materials  remained  about  36  hours, 
the  time  in  the  larger  fdmaces  of  70  feet  height  and  22^  feet 
diameter  would  no  doubt  be  as  much  as  72  hours,  owing  to  the 
capacity  of  the  furnace  and  quantity  of  material  being  double  as 
large.  The  length  of  time  however  was  not  a  question  solely  of  the 
quantity  of  materials  in  the  furnace,  but  also  of  the  volume  of  blast 
supplied ;  and  the  larger  fomace  would  stand  a  very  much  heavier 
volunae  of  blast  without  working  less  economically.  In  practice  the 
increased  quantity  of  blast  supplied  to  the  larger  furnace  was 
probably  such  as  to  reduce  the  time  of  the  material  being  in  the 
furnace  to  about  40  hours  ;  but  he  was  not  aware  what  was  actually 
the  state  of  the  case  in  that  respect.  He  did  not  think  there  was 
any  advantage  to  be  gained  by  unnecessarily  detaining  the  materials 
in  the  ftimace;  and  as  36  hours  was  found  sufficient  for  their 
passage  through  the  smaller  J^imaces  in  the  Cleveland  district, 
there  appeared  no  object  in  endeavouring  to  make  them  take  longer 
in  passing  through  the  larger  furnaces. 

Mr.  G.  Thomson  thought  it  was  still  a  question  for  consideration 
whether  the  proper  length  of  time  for  keeping  the  materials  in  the 
blast  furuEice  had  yet  been  arrived  at,  and  whether  this  ought  to  be 
longer  in  the  larger  furnaces  than  in  smaller  ones.  Of  course  if  the 
time  was  to  be  the  same  in  both,  the  larger  furnaces  would  require 
a  very  much  increased  volume  of  blast,  so  as  to  make  the  larger 
quantity  of  materials  pass  through  with  sufficient  rapidity.  The 
actual  length  of  time  that  the  materials  took  to  pass  through  the 
large  furnace  might  be  deduced,  he  thought,  from  the  capacity  of 
the  ftimace  and  its  weekly  make,  if  the  time  of  36  hours  in  the 
smaller  furnace  were  adopted  as  a  criterion.  For  if  36  hours 
were  the  time  in  a  furnace  of  5000  cubic  feet  capacity,  producing 
200  tons  of  iron  per  week,  it  would  follow  that  in  a  ftimace  of 
12000  cubic  feet  capacity,  working  with  the  same  materials  and 
producing  300  tons  of  iron  per  week,  the  materials  would  occupy 
36  X  ^-^^  X  i%%  or  about  57  hours  in  passing  through  the 
furnace.  The  length  of  time  must  however  depend  upon  the  nature 
of  the  materials  employed  in  different  districts,  which  would 
determine  the  volume  of  blast  that  could  be  supplied  to  the  furnace. 

o2 
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It  was  not  the  size  of  a  furnace  alone  however  that  affected  its 
make,  but  the  shape  of  the  ftimace  had  also  mnch  to  do  with  the 
result ;  and  the  shapes  shown  in  the  sections  of  the  three  Aimaces 
at  Ormesby,  Jarrow,  and  Normanby  were  so  different,  that  it  would 
be  highly  desirable  to  ascertain  what  were  th^  differences  in  the 
results  of  working  of  these  J^imaces  with  the  same  materials. 

The  President  enquired  what  had  been  the  reasons  why  the 
plan  of  taking  off  the  waste  gas  from  the  blast  Aimace  had  not 
been  carried  out  at  the  Scotch  Aimaces,  as  he  was  not  aware  of  the 
gas  being  taken  off  from  any  Aimaces  in  Scotland,  though  so  much 
had  been  done  in  that  respect  in  other  places. 

Mr.  Neil  Bk)bson  replied  that  taking  off  the  waste  gas  from  the 
furnace  head,  and  applying  it  to  heat  the  boilers  and  hot-blast  stoves 
and  to  calcine  the  ironstone,  had  never  been  successftdly  accomplished 
hitherto  in  any  of  the  Scotch  ironworks :  it  had  been  tried  ten  or 
twelve  years  ago  at  several  ironworks  in  Lanarkshire,  but  there 
had  been  several  bad  explosions  of  the  gas  which  had  done  great 
damage,  and  these,  combined  with  the  belief  that  the  closed  top 
had  a  prejudicial  effect  on  the  working  of  the  furnace,  led  to  the 
abandonment  of  the  attempt.  He  did  not  see  however  why  it 
should  not  yet  prove  successful,  and  was  glad  to  learn  it  was  now 
succeeding  in  the  Middlesbrough  district.  Perhaps  some  explanation 
of  the  failure  in  the  Scotch  ftirnaces  might  be  found  in  the  use 
of  raw  coal  in  those  furnaces,  which  produced  more  gas  than  the 
coke  burnt  in  the  Cleveland  furnaces. 

Mr.  C.  Cochrane  thought  the  explosions  that  had  occurred  in 
taking  off  the  waste  gas  could  only  have  arisen  from  a  want  of 
proper  precautions.  At  the  Ormesby  famaces  they  had  had  one  or 
two  severe  explosions  in  starting  the  process,  from  the  men  not 
being  quite  up  to  it,  and  allowing  the  air  to  get  back  into  the  gas 
main,  and  not  igniting  the  gas  at  the  proper  time.  The  danger  was 
that,  if  the  gas  was  not  ignited  at  the  point  intended,  it  accumulated 
in  the  chamber  where  it  ought  to  be  burning ;  and  a  light  applied 
then  was  necessarily  followed  by  instant  explosion.  It  was  only 
necessary  however  to  keep  the  gas  constantly  ignited  at  the  proper 
point,  and  to  take  care  that  the  unignited  gas  was  never  allowed 
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to  reach  a  chamber  where  it  cotild  become  mixed  with  air  and 
afterwards  be  ignited.  The  use  of  raw  coal  in  the  blast  famace 
instead  of  coke  wonld  not  at  all  increase  the  danger  of  explosion  ; 
the  only  difference  wonld  be  that  a  richer  and  more  valuable  gas 
woxild  be  given  off  from  the  ftimace  burning  coal,  and  when  taken 
off  such  a  gas  would  develop  a  greater  amount  of  heat  for  the 
purposes  to  which  it  was  apphed. 

The  President  remarked  that  there  was  all  the  more  reason  on 
that  account  why  the  waste  gas  should  be  utilised  from  the  Scotch 
blast  fttmaces,  and  it  was  satisfactory  to  learn  that  there  were  no 
practical  obstacles  to  the  plan  which  might  not  be  successftdly 
overcome.  He  enquired  whether  there  was  any  mechanical  means 
of  preventing  the  air  from  ever  passing  back  into  the  unignited  gas, 
or  whether  it  depended  upon  the  care  of  the  workmen  in  keeping 
the  gas  constantly  ignited. 

Mr.  C.  CocHEANE  repHed  that  it  was  necessary  to  keep  a  small 
fire  always  burning  in  any  chamber  where  the  gas  was  to  be  lighted, 
in  order  to  ensure  maintaining  such  a  temperature  that  the  gas 
should  always  become  ignited  at  the  moment  of  entering  the 
chamber. 

Mr.  G-.  Addenbrooke  thought  the  reason  why  the  waste  gas  had 
not  been  more  extensively  taken  off  from  blast  famaces  was  the 
want  of  a  sufficiently  powerftd  chimney  draught  to  draw  off  the  gas 
when  the  famace  top  was  left  partly  open.  With  an  entirely  closed 
top  there  was  indeed  the  pressure  of  the  blast  in  the  furnace,  to 
follow  up  the  gas  and  aid  in  expelling  it  from  the  top  of  the  ftimace ; 
but  many  descriptions  of  coal  were  not  fitted  to  stand  the  increased 
pressure  of  blast  that  was  rendered  necessary  to  a  certain  extent 
with  a  closed  top  in  order  to  overcome  the  consequent  back  pressure 
in  the  ftimace ;  and  the  partly  open  top  adopted  for  taking  off  the 
gas  in  such  cases  required  the  suction  power  of  a  large  chimney 
for  drawing  the  gas  down  from  the  ftimace  top. 

Mr.  F.  J.  Bbamwell  observed  that  at  Messrs.  Schneider's  works 
an  exhausting  fim  had  been  adopted  to  aid  the  chimney  in  drawing 
down  the  gas  from  the  partly  open  ftimace  top  ;  and  he  considered 
the  use  of  a  fistn  was  decidedly  the  right  way  to  draw  off  the  gp" 
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and  thought  the  gas  should  also  be  washed  in  order  to  free  it  from  | 
dust  before  it  was  made  use  of  for  heating  purposes. 

Mr.  T.  J.  Perry  understood  the  exhausting  fen  that  had  been! 
tried  at  Messrs.  Schneider's  works  had  been  discontinued  there,  and 
that  it  had  been  found  that  a  tall  chimney  of  great  capacity  was 
practically  more  efficient  for  drawing  off  the  waste  gas  from  the  | 
blast  frimaces. 

The  President  enquired  whether  the  exhausting  fen  was  not  | 
employed  at  some  of  the  French  ironworks  for  drawing  off  the  gas 
from  the  blast  frimaces. 

Mr.  F.  J.  Bramwell  believed  that  was  the  case,  and  that  the  plan 
of  washing  the  gas  after  drawing  it  off  had  also  been  carried  out 
there. 

Mr.  £.  A.  Gowper  explained  that  the  French  plan  that  had  been 
mentioned  of  washing  the  gas  drawn  off  from  blast  frimaces,  which 
was  very  effective,  consisted  in  passing  the  gas  through  a  veiy  long 
horizontal  pipe  of  D  section,  with  the  round  side  uppermost  O, 
and  the  bottom  open,  except  that  it  was  sealed  by  water  contained 
in  a  long  shallow  trough,  considerably  wider  than  the  pipe,  thus 
forming  a  long  water  joint,  and  affording  the  greatest  fecility  for 
removing  the  dust  from  the  bottom  of  the  trough  without  any 
stoppage. 

Mr.  Q-.  Thomson  thought  there  would  be  a  deposit  of  tar  in 
the  gas  from  frimaces  using  raw  coal  alone,  which  might  cause 
some  trouble. 

The  President  moved  a  vote  of  thanks  to  Mr.  Beckton  for  hii 
paper,  which  was  passed. 
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The  President  proposed  a  vote  of  thanks,  which  was  passed,  to 
the  Local  Cosunittee,  the  Chairman  Mr.  Walter  M.  Neilson,  and 
the  Honorary  Local  Secretary  Mr.  J.  Wyllie  Ghiild,  for  the  excellent 
arrangements  they  had  made  for  the  meeting  of  the  Listitation  in 
Glasgow ;  and  also  to  the  Lord  Provost  and  the  memhers  of  the 
City  Council  for  their  courtesy  in  accompanying  the  Members  over 
the  Water  Works  at  Mugdock  on  the  previous  afternoon ;  and  to 
the  various  Bailway  Companies  for  the  facilities  they  had  kindly 
afforded  to  the  Members  for  attending  the  meeting  in  Glasgow  and 
the  Excursions  in  connection  with  the  meeting. 

A  cordial  vote  of  thanks  was  then  passed  to  the  President  for 
his  kind  exertions  in  promoting  the  success  of  the  meeting  of  the 
Institution  in  Glasgow,  and  the  hearty  welcome  he  had  secured  for 
the  Members  on  the  occasion. 

The  Meeting  then  terminated.  In  the  afternoon  the  Members 
visited  the  Govan  Iron  Works,  the  Parkhead  Forge,  the  Locomotive 
Works  of  the  Edinburgh  and  Glasgow  and  the  Caledonian  Railways, 
and  the  Hyde  Park  Locomotive  Works.  A  large  number  of 
engineering  and  shipbuilding  establishments  and  other  works  were 
also  opened  to  the  inspection  of  the  Members  during  the  days  of 
the  meeting. 

In  the  evening  the  Members  and  their  Mends  dined  together  in 
the  Queen's  Rooms,  in  celebration  of  the  meeting  of  the  Institution 
in  Glasgow. 


On  Thursday,  4th  August,  the  Members  visited  Messrs.  Napier's 
and  Messrs.  Tod  and  Macgregor's  Ship  Building  Yards  at  Govan, 
and  witnessed  the  operations  of  the  Steam  Dredgers  upon  the  Clyde, 
being  conveyed  down  the  river  by  a  special  steamer.  The  Members 
afterwards  proceeded  up  Gareloch,  on  the  invitation  of  the  President, 
to  his  residence  at  Shandon,  where  they  were  most  hospitably 
received  and  entertained  by  the  President ;  and  in  the  evening  they 
returned  to  Glasgow  by  the  special  steamer. 
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On  Friday,  6tli  Angnst,  an  Excursion  was  made  by  the  Members 
from  Glasgow  to  visit  the  works  of  the  Loch  Katrine  Water  Works 
at  Loch  -Vennachar  and  Loch  Katrine,  passing  through  the  Trosachs 
and  returning  by  Loch  Lomond,  where  they  were  handsomely 
entertained  by  the  Local  Committee. 


PEOCBEDINGS. 

8  NOYBMBBB,   1864. 


The  General  McETiNa  of  the  Members  was  held  in  the  Lecture 
Theatre  of  the  Midland  Institute,  Bimungham,  on  Thursday, 
3rd  November,  1864;  Edwabd  A.  Cowpeb,  Esq.,  Vice-President, 
in  the  Chair. 

The  Ohaibman  annoimced  that  the  subject  of  the  continued 
inefficient  state  of  the  Patent  Office  had  been  under  the  consideration 
of  the  Council,  and  the  following  Memorial  to  the  Lord  Chancellor 
had  been  prepared,  and  would  lie  for  the  signature  of  Members  at 
the  close  of  the  Meeting. 

(Oopy  of  the  Memorial.) 

TO  THE  EIGHT  HONOUBABLB  THE  LOKD  WESTBUBY, 

LOED  man  ohancellob. 

We,  the  undersigned,  Officers  and  Members  of  the  Institution 
of  Mechanical  Engineers,  being  interested  in  the  due  and  efficient 
working  of  the  Patent  Law  Amendment  Act  of  1852,  beg  most 
respectftdly  to  call  your  Lordship's  attention  to  the  report  presented 
to  the  House  of  Commons  by  its  Select  Committee,  appointed  on 
9th  May  1864,  "  to  enquire  as  to  the  most  suitable  arrangements  to 
be  made  respecting  the  Patent  Office  Library  and  Museum ;"  and 
to  represent  to  your  Lordship  the  great  desirability  that  immediate 
steps  should  be  taken  for  carrying  out  the  conclusions  arrived  at  by 
the  Committee  on  the  evidence,  and  embodied  in  their  report: 
namely,  in  effect,  that  a  proper  Patent  Office  and  Library,  with 
accommodation  for  a  collection  of  models  of  inventions,  .should  be 
provided  on  the  site  named  in  the  neighbourhood  of  Chancery  Lane, 
and  that  the  expense  attendant  thereon  should  be  defrayed  out  of 
the  surplus  income  of  the  Patent  Office. 

p  2 
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We  ftirther  beg  to  bring  under  yonr  Lordsliip's  notice  the  feet 
that  very  great  loss  and  delay  are  occasioned  to  mannfactnrers, 
inventors,  and  others,  by  the  want  of  a  complete  classification  and  the 
prompt  Indexing  of  all  inventions,  whether  patented  or  not,  Foreign 
as  well  as  English.  Such  a  systematic  arrangement  as  is  needed  is 
quite  within  the  compass  of  an  efficient  staff  of  officers  possessed  of 
technical  knowledge,  and  could  be  at  once  proceeded  with ;  the  state 
of  inventions  could  then  be  ascertained,  and  the  common  case  of 
several  persons  patenting  the  same  thing  would  be  avoided. 

We  trust  your  Lordship  will  pardon  our  now  troubling  you  on 
these  matters ;  but  the  evils  arising  from  the  present  most  inefficient 
condition  of  the  Patent  Office  are  a  source  of  constant  loss  of  time 
and  annoyance,  and  we  therefore  seize  the  earliest  opportunity  after 
the  publication  of  the  report  of  the  Committee,  to  bring  the  subject 
most  respectftdly  under  your  Lordship's  attention ;  and  we  trust 
that  your  Lordship  will  see  fit  to  give  such  orders  as  will  procure 
for  the  public  the  immediate  and  ftdl  advantages  of  the  Patent  Law 
Amendment  Act  of  1852,  together  with  the  erection  of  proper 
buildings  for  offices  for  the  purposes  of  the  Act. 

In  January  1853  certain  Members  of  this  Institution  had  the 
honour  of  addressing  a  Memorial  to  the  then  Commissioners  of 
Patents  on  this  subject,  a  copy  of  which  we  take  the  liberty  to 
enclose. 

November,  1864. 


(Copy  of  the  previous  Memorial,) 

To  TUB  BioHT  HoNon]U.BLB  FBEDEBICK  LOBD  CHBLMSFOBD, 

Lord  High  Ghancsllor  of  Great  Britain; 

THE  BioHT  Honourable  SIB  JOHN  BOMILLY,  Master  of  the  Bolls; 

SIB  FITZBOY  KELLY,  Her  Majesty's  Attorney  General  ; 

AND  SIB  HUGH  McOALMONT  CAIBNS,  Her  Majesty's  Solicitor  General. 

The  Memorial  of  the  undersigned  Officers  and  Members  of  the 
Institution  of  Mechanical  Engineers  humbly  showeth  : 
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Thftt  it  appears  to  your  memoriaEsts  that  a  largely  increased 
aooommodation  is  urgently  required  for  the  nnmerons  inventors, 
engineers,  and  others,  who  daily  consult  the  official  documents 
Mod  ihe  valuable  £ree  Library  of  the  Great  Seal  Patent  Office,  and 
who  desire  to  inspect  the  instructive  models  collected  by  the 
Supenntendent  of  Specifications,  to  which  additions  have  been 
oontinually  offered  from  all  parts  of  the  United  Eongdom. 

That  although  recent  alterations  in  the  laws  affecting  patents 
liave  stimulated  enquiries  in  every  branch  of  knowledge  connected 
with  industrial  arts,  and  the  publications  of  the  Commissioners 
have  largely  facilitated  such  investigations,  yet  the  full  benefit  of 
tliese  excellent  measures  cannot  be  realised  so  long  as  only  the 
present  small  apartments  are  devoted  to  this  national  undertaking. 

That  the  present  library  is  the  only  one  in  the  United  Kingdom 
in  which  the  public  have  free  access,  not  only  to  the  records  of  the 
patents  and  inventions  of  this  country,  but  also  to  the  official  and 
other  documents  relating  to  inventions  contributed  by  numerous 
foreign  governments,  who  have  liberally  responded  to  the  desire 
of  the  Commissioners  to  promote  international  relations  for  the 
improvement  of  manufactures  by  the  encouragement  of  inventions. 

That  it  cannot  but  be  a  matter  of  regret  that,  while  a  surplus 
already  large  is  continually  accruing  from  the  fees  paid  for  patents 
in  this  country,  the  buildings  devoted  to  the  purposes  of  the  Patent 
Office  are  insufficient  in  themselves,  and  contrast  most  unfavourably 
with  those  of  foreign  states. 

Tour  memorialists  therefore  pray  that  you  will  be  pleased  to 
take  such  steps  as  may  seem  to  you  advisable  for  the  erection  and 
maintenance  of  a  central  commodious  Patent  Office  worthy  of  this 
country,  where  ready  access  may  be  had  to  a  Library,  Reading 
Boom,  and  Museum,  ^mished  with  the  papers,  books,  and  models 
indispensable  to  the  right  direction  and  advance  of  British  Industry. 

Januatn/,  1853. 


270 


The  Minutes  of  the  laat  Meeting  were  read  and  confirmed. 

The  Chateman  announced  that  the  President,  Vice-Presidente, 
and  five  Members  of  the  Conncil  in  rotation,  wonld  go  out  of  office 
in  the  ensuing  year,  according  to  the  rules  of  the  Institution ;  and 
that  at  the  present  meeting  the  Council  and  Officers  were  to  be 
nominated  for  the  election  at  the  Anniversary  Meeting. 

The  following  Members  were  nominated  by  the  meeting  for  the 
election  at  the  Anniversary  Meeting : — 


PRESIDENT. 


Robert  Napier, 


Glasgow. 


VICE-PRESIDENTS. 

{Six  of  the  rmmber  to  he 
John  Anderson,  . 
Charles  F.  Beyer,  . 
William  Clay,     . 
Thomas  Hawksley,  . 
Robert  Hawthorn, 
Edward  Humphrys,  . 
Sampson  Lloyd,    . 
Henry  Maudslay,    . 
John  Bamsbottom, 
C.  William  Siemens, 


I) 

Woolwich. 
Manchester. 
Liverpool. 
London. 

Newcastle-on-Tyne. 
London. 
Wednesbury. 
London. 
Crewe. 
London. 


COUNCIL. 

(Fi/ve  of  the  number  to 
Peter  D.  Bennett, 
Daniel  K.  Clare,    . 
Edward  A.  Cowper, 
Q-EORQE  Harrison,    . 
Thomas  Hawksley, 
Edward  Jones, 
Walter  M.  Neilson, 
Charles  P.  Stewart, 
John  Vernon, 


he  elected,) 

Westbromwich. 

London. 

London. 

London. 
.  London. 

Wednesbury. 

Glasgow. 

Manchester. 

Liverpool. 
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Tlie  Chairman  annonnced  that  the  Ballot  Lists  had  been  opened 
by  tlie  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  dnly  elected : — 

MEMBERS. 

John  Cowans,  ....  Carlisle. 

John  Craiqib  Halkett,  .     Edinburgh. 

Thomas  C.  Hide,     .  London. 

William  Wilson  Hulsb,  .    Manchester. 

Edward  Hutchinson,  Darlington. 

William  Kirtlet,  .    Derby. 

Oeoroe  Lindslet,    .         .         .  London. 

Walter  Macfarlane,   .        .  Glasgow. 

Archibald  Francis  Macnab,  Birmingham. 

Lawrence  Thomson  McEwen,  .    Middlesbrough. 

John  William  Mters,      .         .  London. 

Joshua  Llewelyn  Morgan,  .    Aberdulais. 

Frederick  Francis  Ommanney,  .  Manchester. 
Benjamin  Lanqpord  Foster  Potts,    London. 

Joseph  D'Aguilar  Samuda,       .  London. 

Charles  Tennant,                 .  .    London. 

Walter  Eters  Warden,  .  Birmingham. 

honorary  members. 
John  Tennant,     ....    Glasgow. 
Falkland  Samuel  Thornton,   .         Birmingham. 


The   following  paper,  communicated  through  Mr.   Frederick 
Leyick  of  Blaina,  was  then  read : — 
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DESCRIPTION    OF   A    COAL    CUTTING   MACHINE. 


Bt  Mb.  THOMAS  LEVICK,  of  Blaina  Ieon  Works. 


Tlie  substitution  of  macliinerj  for  manual  labour  in  otir  various 
manufactures  and  industries,  the  gradual  development  of  railways, 
and  tbe  application  of  steam  to  navigation,  have  increased  in  a 
wonderful  manner  the  demand  for  coal,  that  being  the  chief  agent 
in  the  production  of  the  motive  power  in  all  these  cases.  In  the 
early  periods  of  the  working  of  the  coalfields  the  produce  of  coal 
was  very  limited,  the  only  means  of  conveying  it  from  the  pit  to  the 
shipping  port  being  on  pack  horses  carrying  only  3  cwts.  each,  which 
were  succeeded  by  the  cart,  increasing  the  load  to  17  cwts.  But  by 
the  introduction  of  railways  the  annual  produce  and  consumption 
of  coal  in  Great  Britain  was  raised  in  1855  to  64  millions  of  tons,  in 
1859  to  70  millions,  and  in  1860  to  80  millions ;  and  according  to 
Mr.  Hunt's  returns  it  has  now  reached  the  enormous  quantity  of 
nearly  90  millions  of  tons  per  annum. 

Although  coal  has  thus  been  so  useful  in  promoting  and  extending 
the  use  of  machinery,  machinery  has  not  yet  returned  the  compliment 
by  its  application  to  the  working  of  coal ;  it  has  only  made  various 
futile  attempts,  and  only  within  the  last  year  or  two  have  any  really 
practical  attempts  been  made  to  lessen  or  supersede  manual  labour 
in  working  coal :  the  working  or  getting  may  in  fact  be  considered 
to  remain  still  in  the  same  condition  as  in  the  pack-horse  age. 
Machinery  has  certainly  aided  the  increased  production  of  coal  by 
winding  and  pumping  engines  and  by  inclines  above  and  below 
ground ;  but  this  kind  of  machinery  has  only  fitcOitated  the 
movement  of  the  coal  afber  it  has  been  wrought  by  the  collier. 
The  actual  working  or  getting  it  from  the  position  in  which  it  has 
been  deposited  in  the  mine  ages  ago  is  still  accomplished  only  by 
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tools  of  the  most  primitiye  kind,  plied  by  the  strong  arm  of  the 
sturdy  collier  under  the  most  disadvantageous  circumstances;  for 
lie  has  to  wield  the  pick  in  a  stooping  or  lying  position,  most 
xmfavourable  to  the  application  of  his  muiicular  force,  and  this 
frequently  in  an  atmosphere  not  only  not  remarkable  for  its  purity 
but  sometimes  of  a  temperature  as  high  as  80°  to  90®  Fahr. 

The  constant  but  gradual  increase  of  temperature  in  penetrating 
the  earth's  crust,  which  takes  place  at  the  rate  of  about  1°  Fahr.  to 
each  60  feet  of  depth  is  well  known.  In  the  Monkwearmouth 
Colliery,  the  depth  of  which  is  1800  feet,  the  temperature  is 
80®  ;  and  this  is  considered  to  be  as  high  as  is  consistent  with  the 
great  bodily  exertion  necessary  in  the  operation  of  coal  mining. 
There  is  also  an  additional  augmentation  in  the  temperature  of  deep 
mines  consequent  on  the  increased  density  of  the  air,  and  this  is 
about  1**  for  every  300  feet  of  depth.  Certain  portions  of  the  coal 
in  the  deeper  coal  basins  lie  at  depths  approaching  and  even 
exceeding  4000  feet ;  and  the  temperature  of  the  air  at  this  depth 
according  to  the  foregoing  data  would  be  79®  higher  than  at  the 
surface,  66^  being  due  to  the  depth  and  13®  to  increased  density  of 
the  air.  The  computations  therefore  of  the  duration  of  the  coal- 
fields, as  has  been  pointed  out  by  Sir  William  Armstrong,  require  a 
considerable  reduction  in  consequence  of  the  impracticable  depths 
at  which  portions  of  them  are  situated ;  and  any  means  of  increasing 
the  practicability  of  working  at  these  depths  by  the  application  of 
machinery  becomes  consequently  a  question  of  serious  importance 
in  reference  to  the  duration  of  the  coalfields,  in  addition  to  the 
advantages  in  economy  of  cost  and  time  of  working  and  in  saving 
waste  of  material  that  are  incident  to  the  substitution  of  machinery 
for  hand  labour. 

Many  attempts  have  been  made  during  a  century  past  to 
construct  coal  cutting  machines.  One  of  the  earliest  was  that  of 
Michael  Menzies  in  1761,  consisting  of  a  pick  fixed  on  the  axle  of  a 
pulley  placed  near  the  fisioe  of  the  coaJ,  to  which  a  reciprocating 
motion  wa^  given  by  means  of  a  chain  passing  round  the  pulley  and 
connected  with  a  steam  engine  at  the  sur&ce,  the  pick  performing 
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the  operation  of  kirying  or  holing.     He  also   invented  a  pick 
machine  to  be  worked  by  hand. 

In  1830  a  battering  ram  for  coal  mines  was  proposed  by  William 
Wood.  This  was  a  heavy  ram  fixed  in  a  sliding  box  acting  on  a 
wedge,  the  ram  being  worked  backwards  and  forwards  by  msMmAl 
labonr. 

The  next  to  be  noticed  is  a  plan  in  1843  consisting  in  applying 
rotary  saws  or  picks  driven  by  a  winch  or  an  engine  for  the 
purpose  of  severing  blocks  of  coal  from  the  surrounding  mass. 
This  was  one  of  the  first  attempts  for  using  rotary  cutters,  and 
the  arrangements  were  complicated. 

In  1846  a  plan  was  proposed  by  Mr.  W.  H.  Bell  for  suspending  a 
heavy  pick  or  chisel  by  a  chain  from  a  bar  running  along  the  fistce 
of  the  work  at  the  roof,  so  as  to  be  swung  by  hand  against  the  coaL 

In  1852  a  machine  was  applied  by  Mr.  W.  D.  Hedley,  similar  in 
its  action  to  a  planing  machine,  having  a  cutting  tool  projecting  fr^m 
the  side  of  a  carriage  running  on  a  railway,  and  the  tool  was  made 
to  cut  deeper  and  deeper  into  the  face  of  the  coal  by  repeatedly 
traversing  the  carriage,  and  setting  the  tool  at  each  successive  cut 
to  project  more  and  more  beyond  the  side  of  the  carriage.  There 
were  holes  in  the  machine  at  different  heights  for  altering  the  tool 
according  to  the  different  heights  at  which  the  coal  has  to  be  cut. 

About  the  same  time  a  plan  was  proposed  by  Mr.  C.  H.  Waring,  in 
which  reciprocating  or  revolving  cutters  are  worked  by  compressed 
air  or  steam.  The  reciprocating  cutters  have  somewhat  the  motion  of 
planing  or  slotting  machines,  but  the  rotary  cutters  are  fixed  in  the 
circumference  of  a  wheel  and  act  like  a  circular  saw.  The  machine 
is  arranged  to  cut  either  vertically  or  horizontally.  The  apparatus 
^^for  applying  the  power  is  mounted  on  the  frame  of  the  machine,  and 
gcnsists  of  an  oscillating  cylinder  worked  by  compressed  air  or  steam. 
/  In  1861  a  pick  machine  to  be  worked  by  hand  was  proposed  by 
Messrs.  Ridley  and  Rothery,  the  pick  working  horizontally  and 
vertically,  and  both  motions  being  upon  fixed  axes ;  and  about  the 
same  time  a  hand  machine  was  proposed  by  Mr.  Donisthorpe,  in 
which  the  tool  was  a  bar  mounted  on  grooved  rollers,  giving  it  a 
rapid  motion  forwards  and  backwards. 
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The  above  are  some  of  *the  principal  attempts  up  to  that  time  to 
work  coal  by  machinery.  They  may  be  divided  into  reciprocating 
picks,  sliding  or  planing  picks,  and  rotary  saws  or  cutters ;  none 
of  them  however  have  continued  in  practical  use.  The  principal 
practical  difficulty  in  the  application  of  machinery  to  coal  cutting  is 
the  confined  space  it  is  required  to  work  in.  Most  of  the  machines 
above  referred  to  occupy  too  much  space  and  are  generally  too 
complicated  for  application  in  a  coal  mine ;  and  machines  made  to 
be  worked  by  hand,  on  account  of  the  friction  of  the  mechanism 
and  the  cumbrouii  arrangement,  absorb  too  much  manual  labour 
to  give  them  much  or  any  advantage  over  the  pick  worked  by 
the  skilled  collier. 

Not  until  the  last  two  or  three  years  h^  anything  practically 
useful  been  accomplished  in  the  application  of  machinery  to  coal 
cutting;  and  Messrs.  Donisthorpe  Firth  and  Ridley's  machine 
working  at  the  West  Ardsley  Colliery  near  Leeds  was  the  first 
machine  which  may  be  safely  said  to  have  demonstrated  the 
practicability  of  cutting  coal  by  machinery.  This  was  one  of  the 
class  of  machines  working  with  a  pick,  which  was  driven  by  a 
cylinder  worked  by  compressed  air ;  and  it  was  followed  by  another 
machine,  which  introduced  a  trunk  arrangement  of  the  driving 
cylinder,  so  as  to  shorten  up  the  connecting  rod,  thereby  con- 
siderably shortening  the  machine,  and  enabling  it  readily  to  traverse 
the  quick  curves  of  mine  tramroads,  thus  removing  a  serious 
practical  difficulty  previously  experienced.  Both  these  machines 
have  been  successful  in  performing  one  operation  in  coal  cutting, 
namely  **  holing  "  or  undercutting  a  seam  of  coal  horizontally,  and 
on  a  true  plane  or  nearly  so.  But  as  they  were  constructed  only 
to  cut  a  groove  horizontally,  or  rather  parallel  to  the  plane  of 
the  tramway,  they  were  not  adapted  to  meet  the  cases  of  inclined 
seams,  so  frequently  occurring  in  practice ;  and  as  they  were  also 
limited  to  the  horizontal  undercutting,  all  vertical  cutting  that 
was  required  in  the  operation  of  getting  the  coal  had  to  be  done 
by  hand  work.  These  machines  were  inapplicable  to  driving 
headings ;  and  for  that  purpose  a  modification  of  them  has  be^i 
made,  having  two  pairs  of  vertical  picks,  one  pair  on  each  side 

Q  2 
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of  the  macliiiie,  and  eacli  pair  consisting  of  one  pick  working 
upwards  vertically  from  tlie  bottom  and  the  other  working 
downwards  vertically  from  the  top,  so  as  to  make  the  two  cuts  meet 
one  another.  The  undercutting  however  in  driving  the  headings 
was  still  required  to  be  done  by  the  hand  of  the  collier. 

In  order  that  a  machine  may  be  generally  applicable  to  coal 
cutting,  it  should  be  capable  of  cutting  in  any  direction,  so  as  to 
work  the  "dip"  or  the  "rise"  or  cut  the  vertical  cuts.  To  do 
this,  and  at  the  same  time  to  retain  a  simple  form  of  machine,  since 
complex  machinery  would  be  very  objectionable  underground, 
presented  great  difficulties;  but  these  have  now  been  entirely 
overcome  in  the  coal  cutting  machine  forming  the  subject  of  the 
present  paper,  which  is  the  invention  of  Mr.  James  Grafton  Jones 
of  Blaina.  In  this  machine  the  axis  of  the  pick  is  carried  in  a 
revolving  headstock,  by  which  it  is  capable  of  being  turned  into  any 
desired  position  by  merely  turning  a  handwheel  at  the  end  of  the 
machine,  the  relative  position  of  the  pick  and  the  air  cylinder  which 
works  it  remaining  always  the  same.  By  this  means  the  pick  can 
be  worked  in  any  plane,  either  vertical,  horizontal,  or  at  any 
inclination ;  and  it  is  thus  enabled  to  cut  the  coal  vertically  in 
driving  headings,  and  horizontally  in  holing,  or  in  any  inclined 
direction  for  working  the  dip  or  the  rise  when  the  seam  of  coal  does 
not  lie  horizontally.  Headings  may  thus  be  driven  or  any  of  the 
ordinary  operations  in  the  getting  of  coal  or  other  minerals 
may  be  performed  by  the  machine. 

The  machine  is  shown  in  Figs.  1,  2,  and  3,  Plates  82  to  84; 
Fig.  1  is  a  side  elevation.  Fig.  2  a  longitudinal  section,  and 
Fig.  3  a  plan. 

The  air  cylinder  A,  Figs.  1  and  2,  is  placed  horizontal,  and  is 
cast  in  one  piece  with  the  bed  of  the  machine ;  and  the  piston  B 
is  forged  solid  upon  the  piston  rod  C.  The  lever  pick  D  is  keyed 
upon  the  transverse  axis  E  carried  in  front  of  the  cylinder  A ;  and 
on  the  axis  is  a  crank  arm  F,  to  which  the  piston  rod  C  is  connected 
by  means  of  the  slotted  head  screwed  into  the  end  of  the  rod,  as 
shown  in  Fig.  2.     The  axis  E  is  carried  in  bearings  Or  G  cast  upon 
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the  rotating  headstock  H ;  and  this  headstock  is  capable  of  being 
turned  round  in  its  bearings  1 1,  by  means  of  the  handwheel  J  fixed 
on  the  shaft  of  the  pinion  K,  Fig.  1,  which  gears  into  teeth  on  the 
headstock  H.  The  pick  D  can  thus  be  turned  so  as  to  cut  the  coal 
at  any  inclination  whatever,  the  piston  B  turning  in  the  cylinder 
when  the  headstock  H  is  rotated ;  and  when  the  pick  is  adjusted 
for  working  at  any  desired  inclination,  the  axis  E  can  be  locked  in 
that  position  by  means  of  a  pin  passing  through  one  of  the  holes  in 
the  handwheel  J. 

The  slide  valve  L,  Fig.  2,  by  which  the  compressed  air  is 
admitted  to  the  cylinder  A,  is  worked  in  one  direction  by  the 
piston  B,  which  on  completing  its  back  stroke  strikes  against  the 
tappet  rod  M ;  this  rod  works  through  a  stuffing-box  in  the  back 
cover  of  the  cylinder,  and  is  connected  to  the  lever  N,  the  other  end 
of  which  is  connected  to  the  shde  valve  stem.  When  the  tappet 
rod  M  is  struck  by  the  piston,  it  moves  the  valve  L  into  the  position 
for  admitting  the  compressed  air  to  the  back  of  the  piston,  for 
striking  a  blow  by  the  pick.  The  valve  is  retained  in  this  position 
until  the  blow  has  been  struck,  by  means  of  a  spring  catch  0,  which 
is  connected  by  a  rod  to  the  treadle  P.  An  india-rubber  spring  R 
passes  round  the  handle  S  formed  on  the  lever  N,  and  is  attached  by 
means  of  an  adjustable  joint  to  the  platform  T,  on  which  the  man 
working  the  machine  is  carried.  When  the  treadle  P  is  depressed 
by  the  man's  foot,  it  releases  the  catch  O,  and  the  india-rubber 
spring  immediately  moves  the  slide  valve  so  as  to  admit  the 
compressed  air  to  the  front  of  the  piston  for  making  the  back 
stroke ;  and  another  blow  of  the  pick  is  then  given  by  the  piston 
striking  against  the  tappet  rod  M.  As  the  work  progresses  the 
machine  is  moved  forwards  by  the  handwheel  U,  which  communi- 
cates motion  by  the  bevil  wheels  V  to  the  carrying  wheels  W  of  the 
machine. 

From  this  description  it  will  be  seen  that,  at  whatever  inclination 
the  coal  may  lie,  the  pick  is  easily  put  to  work  at  that  exact  angle, 
whether  to  the  rise  or  the  dip.  It  may  also  be  easily  put  to  work 
at  any  part  of  the  thickness  of  the  coal,  whether  it  be  desired  to 
hole  at  the  bottom  or  at  the  top  of  the  measure,  or  at  a  parting  in 
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the  middle  or  any  other  portion  of  the  seam,  by  simply  shifting  the 
pick  D,  Fig.  1,  to  a  greater  or  less  distance  npon  the  axis  E  on 
which  it  is  keyed.  Figs.  6,  7,  and  8,  Plate  86,  illustrate  the 
working  of  the  machine,  showing  the  pick  in  the  position  for 
holing,  and  also  for  making  a  vertical  out  either  downwards  or 
upwards,  as  in  driving  headings.  The  position  of  the  man  working 
the  machine  is  also  shown,  kneeling  on  the  small  platform  at  the 
tail  of  the  machine,  with  his  foot  upon  the  treadle  for  releasing  the 
slide  valve,  and  holding  the  handwheel  for  advancing  the  machine 
between  each  stroke  of  the  pick. 

This  machine  when  holing  in  the  coal  cuts  a  groove  3  feet  deep, 
2  inches  wide  at  the  face  and  1^  inch  at  the  back ;  whereas  a  colHer 
requires  for  effecting  the  same  purpose  to  make  a  groove  or  rather 
excavation  10  to  12  inches  wide  or  even  more  at  the  face,  and 
tapering  to  the  back.  In  doing  this  the  collier  is  exposed  to  one 
of  the  most  frequent  and  unavoidable  dangers  of  the  coal  mine, 
by  the  large  lump  of  coal  breaking  off  and  sliding  down  suddenly 
without  warning,  before  he  has  completed  his  task. 

The  machine  is  calculated  to  work  at  the  rate  of  70  to  80  strokes 
per  minute;  and  the  one  at  work  at  the  High  Boyd  ColUery,  Barnsley, 
under  disadvantageous  circumstances  and  in  the  hardest  coal  in  the 
district,  holes  from  9  to  10  yards  length  per  hour,  3  to  3  J  feet  deep, 
including  stoppages.  In  order  to  make  the  machine  thoroughly 
effective,  it  is  necessary  that  it  should  be  on  a  good  rigid  road ;  but 
at  this  colliery  it  is  working  on  the  ordinary  tramplate  road  loosely 
laid.  The  pressure  of  air  at  which  it  is  worked  is  30  to  35  lbs.  per 
square  inch.  In  the  same  seam  of  coal  the  collier  does  only  4  to  5 
yards  length  of  holing  for  a  day's  work,  in  place  of  the  90  to  100 
yards  done  in  10  hours  by  the  machine,  the  latter  thus  accomplishing 
fully  twenty  times  the  work  that  the  collier  can  do  by  hand  in  the 
same  time. 

A  second  machine  has  just  been  put  to  work  at  the  Oaks  Colliery 
in  the  same  district,  in  which  an  improvement  has  been  made  by  the 
addition  of  a  steadying  apparatus,  consisting  of  a  tail  piece  which 
carries  a  pair  of  heavy  rollers,  as  shown  in  plan  in  Fig.  4,  Plate  86 ; 
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tHese  rollers  rest  upon  the  tram  rails  and  keep  the  macliine  steady 

XLnder  the  vibration  caused  by  the  blows  of  the  pick  when  striking 

laterally  in  holing.     This  tail  piece  follows  with  the  machine  when 

moving  in  a  straight  line ;  and  it  has  the  effect  of  lengthening  the 

^^lieel  base  of  the  machine,  and  considerably  reduces  the  lateral 

vibration  on  the  road  caused  by  the  powerftd  blow  of  the  pick  when 

lioling.     It  is  readily  detached  when  required  to  go  round  the  short 

bends  of  the  mine ;   and  also  when   driving  headings  it  is  not 

required,  as  the  pick  is  then  working  vertically.     The  machine  at 

the  Oaks  Colliery  holes  at  the  rate  of  14  to  15  yards  length  per 

hour,  to  a  depth  of  3|  feet,  the  number  of  strokes  averaging  from 

60  to  70  per  minute,  and  the  pressure  of  air  being  35  to  37  lbs.  per 

square  inch.    The  road  in  this  case  is  a  railroad  thoroughly  well  laid. 

These  machines  are  also  well  adapted  to  work  in  the  ironstone 

shales  and  to  quarry  Bath  stone ;   indeed  the  pick  would  work 

in  anything  softer  than  its  own  point. 

The  use  of  compressed  air  for  working  underground  machinery 
is  not  new,  though  it  is  only  recently  and  since  the  introduction  of 
coal  cutting  machinery  that  it  is  being  more  extensively  employed. 
The  first  practical  employment  of  it  in  this  country  was  at  the 
Govan  Colliery  near  Glasgow  in  1849 ;  the  machinery  was  erected 
by  Messrs.  Randolph  Elder  and  Co.,  and  a  description  of  it  was  read 
before  this  Institution  at  the  Glasgow  Meeting  in  1856  (see 
Proceedings  Inst.  M.  E.,  1856,  page  145).  At  the  Haigh  Colliery 
near  Wigan  two  air-compressing  engines  were  also  employed,  the 
air  being  compressed  to  120  lbs.  per  square  inch,  and  carried  down  a 
shaft  234  yards  deep,  and  to  a  distance  of  500  yards  from  the 
bottom  of  the  shaft.  The  engines  worked  by  the  compressed  air  at 
this  colliery  and  at  the  Govan  CoUiery  were  employed  for  winding^ 
underground. 

A  peculiarity  attendant  upon  compressing  the  air  is  the  heat 
developed  during  compression,  which  increases  rapidly  with  the 
pressure.  Thus  air,  which  at  the  atmospheric  pressure  of  15  lbs.  is 
at  32®  Fahr.,  would  be  raised  to  110**  by  being  compressed  to 
30  lbs.  per  square  inch ;  and  at  120  lbs.  per  square  inch,  the  effective 


280  COAL   CUTTING  MACHINE. 

pressure  in  the  Haigli  engines,  tlie  theoretical  temperature  -vyonld 
be  abont  450°.  A  special  provision  to  meet  this  circtunstance 
is  mentioned  hereafter.  An  inconvenience  in  working  these 
compressed-air  engines  was  the  liability  of  the  air  passages  and 
exhaust  pipes  to  become  clogged  with  ice,  in  consequence  of  the 
water  suspended  as  moisture  in  the  air  being  frozen  by  the  cold 
produced  in  the  sudden  expansion  of  the  exhaust  air.  This  is 
avoided  in  the  coal  cutting  machines  by  making  the  sUde  valve 
with  sufficient  inside  lap  to  cause  the  exhaust  air  to  escape  slowly 
at  each  stroke,  thereby  preventing  its  sudden  expansion ;  and  this 
arrangement,  combined  with  the  concussion  caused  by  the  stroke 
of  the  pick,  prevents  the  exhaust  passages  becoming  clogged  with 
ice.  In  an  air  engine  at  Dowlais,  when  the  air  was  escaping 
under  a  pressure  of  15  lbs.,  the  temperature  of  the  exhaust  air  was 
29°  Fahr. ;  and  the  greater  the  pressure,  the  greater  will  be  the 
cold  produced  in  expansion. 

There  is  a  loss  of  power  in  air-compressing  engines,  arising  from 
leakage  and  friction  in  the  air  pipes,  and  the  mechanical  power  lost 
in  the  form  of  heat  when  the  air  is  compressed.  The  loss  from 
leakage  and  friction  is  very  small,  and  if  the  joints  are  good,  that 
from  leakage  will  be  inappreciable ;  but  the  loss  from  the  escape  of 
heat  is  great.  The  cylinder  in  which  the  air  is  compressed  gets  so 
hot  that  it  is  necessary  to  keep  it  surrounded  with  water,  the 
temperature  increasing  with  the  pressure  to  which  the  air  is 
compressed ;  and  on  the  other  hand  when  the  compressed  air  has 
done  its  work  and  is  allowed  to  escape,  a  degree  of  cold  is  produced 
which  freezes  any  moisture  that  there  may  be  in  the  exhaust 
passages.  By  the  compression  of  the  air  its  capacity  for  heat 
becomes  diminished ;  consequently  a  portion  of  the  latent  heat 
already  contained  in  it  at  its  natural  pressure  is  developed  in  the 
form  of  sensible  heat,  and  this  is  absorbed  by  the  cylinder  and 
the  surrounding  water.  The  air  itself  does  not  get  sensibly  hotter, 
eince  only  its  capacity  for  heat  is  changed  by  the  compression, 
while  the  excess  of  heat  developed  by  its  compression  is  rapidly 
absorbed  by  the  surrounding  metallic  surfaces  which  conduct  it 
Hway.      When  this  air  has  done  its  work  and  expands  again  to 
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its     origmal    pressure,   its    original    capacity    for    heat    returns ; 

and  tlie  quantity  of  heat  then  contained  in  it  not  being  sufficient 

>  for   maintaining  the  same  temperature  in  its  expanded  form,  it 

!  consequently    draws    heat    firom    the    surrounding    bodies,    thus 

producing  cold.     The  amount  of  heat  thus  absorbed  in  the  act  of 

expansion  is  the  exact  equivalent  of  that  which  is  developed  during 

compression ;  but  the  heat  developed  in  compression  being  lost  by 

conduction,  the  amount  of  power  equivalent  to  it  is  also  lost. 

Fig.  5,  Plate  85,  shows  a  longitudinal  section  of  the  air- 
compressing  engine,  of  a  size  suitable  for  working  four  to  six  coal 
cutting  machines.  It  consists  of  two  cylinders,  one  the  steam 
cylinder  and  the  other  the  air  cylinder,  fixed  horizontally  on  the 
same  bedplate,  the  piston  rod  of  the  steam  cylinder  being  directly 
attached  to  the  piston  rod  of  the  air  cylinder.  The  steam  cylinder  A 
is  16|  inches  diameter  and  3|  feet  stroke.  The  air  cyhnder  B  is 
surrounded  by  water  to  keep  it  cool.  The  compressed  air  passes 
,  through  the  delivery  valves  C  C  into  the  pipe  D  leading  to  the  mine. 
The  inlet  valves  are  fixed  on  the  side  of  the  air  cylinder,  and  are 
similar  to  the  delivery  valves.  The  slide  valve  of  the  steam  cylinder 
is  worked  by  a  tappet,  as  there  is  no  crank  or  flywheel  to  the 
engine.  The  speed  of  the  engine  is  regulated  according  to  the 
number  of  the  coal  cutting  machines  at  work :  when  all  six  machines 
are  at  work,  the  speed  of  the  piston  is  from  250  to  300  feet  per 
minute. 

The  effect  produced  upon  the  ventilation  and  temperature  of  the 
mine  by  the  supply  of  air  from  the  discharge  of  the  coal  cutting 
machine  may  now  be  considered.  "When  the  machine  is  working 
at  60  blows  of  the  pick  per  minute,  it  will  discharge  24  cubic  feet 
of  air  per  minute  at  a  pressure  of  45  lbs.  per  square  inch,  which  by 
expansion  becomes  72  cubic  feet  of  air  at  the  atmospheric  pressure 
and  at  a  temperature  below  freezing  point.  Taking  the  quantity 
of  air  passing  along  each  face  of  work  in  the  mine  at  an  average  of 
6000  cubic  feet  per  minute  at  a  velocity  of  4  feet  per  second,  the 
quantity  of  air  discharged  by  each  machine  would  be  only  1 J  per 
cent,  of  the  whole  amount.    Supposing  the  temperature  in  the  mine, 
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as  at  Monkwearmotitli,  to  be  about  80**  Fahr.,  it  would  be  reduced 
only  1®  wben  tliorouglily  mixed,  but  it  would  be  considerablj  cooler 
round  the  point  of  issue.  The  ordinary  ventilating  current  has 
frequently  had  to  travel  considerable  distances,  and  has  acquired  a 
great  deal  of  impurity  and  a  high  temperature  before  it  reaches  some 
of  the  faces  of  work.  But  supposing  three  or  four  machines  to  be 
employed  along  each  face,  the  current  instead  of  becoming  impure 
would  retain  its  purity  and  become  cooler. 

A  collier  when  at  work  breathes  heavily,  and  inhales  about 
28  cubic  feet  of  air  per  hour,  and  exhales  about  1  cubic  foot  of 
carbonic  acid  in  the  same  time.  One  coal  cutting  machine  may  be 
said  to  save  the  work  of  20  colliers,  who  would  inhale  600  cubic 
feet  of  air  per  hour ;  while  the  machine  supplies  4320  cubic  feet  per 
hour  of  cold  and  pure  air  at  the  place  where  it  is  most  required. 

The  firedamp  in  a  mine  having  only  half  the  specific  gravity  of 
air  is  very  apt  to  float  above  the  passing  current  of  air,  instead  of 
mixing  with  it,  especially  where  there  is  any  unevenness  in  the  roof 
forming  cavities  in  which  the  firedamp  can  lie  stagnant.  The  violent 
agitation  however  produced  by  the  discharge  of  air  from  the  coal 
cutting  machine  will  aid  materially  in  the  intermixture  of  the  gas 
with  the  current  of  air,  and  the  discharge  of  air  from  the  machine 
may  be  directed  to  any  particular  point,  as  desired. 

The  advantages  of  cutting  coal  by  this  machine  may  be  summed 
up  as  follows  : — 

1st.  The  saving  of  a  large  percentage  of  small  coal  in  tlie 
process  of  holing,  and  a  corresponding  increase  in  the  proportion  of 
large  coal  obtained. 

2nd.     The  economy  in  the  cost  of  getting  the  coal. 

3rd.  The  improvement  in  the  ventilation  and  temperature  at 
the  working  points. 

4th.  The  figwsility  with  which  headings  may  be  driven  and 
ventilated,  the  machine  itself  supplying  air  sufficient  for  several  men 
and  at  a  low  temperature.  The  machines  being  well  adapted  for 
driving  headings,  collieries  may  be  opened  and  won  to  their  outside 
boundaries  in  a  much  shorter  time. 
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(tibu  Tho  eaviog  of  }ify  and  limb  to  the  oolUer,  by  removing 
bim  from  the  mo^t  perilous  portion  of  his  ooonpationy  that  of  holing 
or  nndercutting  the  seam  of  ooal. 

6ib*  The  power  c^  carrying  the  working  into  the  deeper  seams 
of  coq1«  which  lie  at  so  high  a  temperature  as  to  present  serions 
difficulty  in  the  way  of  performiitg  the  seyere  laboor  oi  cutting  the 
coal  by  hand  work. 


Mr.  F.  liEYiOE  exhibited  a  model  oi  ih.e  coal  cutting  machine^ 
iUxistrating  the  action  of  the  pick  in  cutting  the  coal  at  any 
inclination  by  means  of  the  revolving  axis  carrying  the  tool. 

Tlie  Ohaibhan  remarked  that  the  application  of  machinery  to 
ooal  cutting  was  a  subject  of  great  importance,  and  there  could  be 
no  doubt  that  ultimately  coal  cutting  machines  would  greatly  assist 
manual  labour,  by  performing  the  most  difficult  and  dangerous 
work  of  undercutting  the  coal.  In  the  machine  described  in  the 
paper  just  read,  the  principal  feature  appeared  to  be  the  arrange- 
ment by  which  the  tool  was  turned  round  to  work  at  any  inclination, 
thus  affi)rding  the  means  of  cutting  the  coal  at  any  angle.  The 
machine  was  otherwise  similar  to  that  of  Messrs.  Donisthorpe  Firth 
and  Bidley,  which  was  now  working  at  the  West  Ardsley  Colliery 
near  Leeds,  and  he  believed  that  was  the  first  instance  in  which 
machinery  had  been  successftdly  brought  into  practical  operation 
for  coal  cutting  by  the  use  of  compressed  air  actuating  a  pick ;  the 
machine  was  capable  of  being  worked  in  any  part  of  the  mine  by 
compressed  air  supplied  to  it  from  an  engine  at  the  sur&ce. 

Mr.  W.  Mathews  had  not  had  an  opportunity  oi  seeing  coal 
cutting  performed  by  machinery,  but  was  satisfied  that  if  the 
application  of  machinery  to  that  purpose  could  be  practically 
accomplished  it  would  prove  a  most  important  benefit  in  coal 
mining.  The  recent  struggle  with  the  colliers  in  South  Staffi)rd- 
ahire  was  a  sufficient  proof  of  the  necessity  of  adopting  machines 
for  cutting  coal  in  place  of  manual  labour^ 

R  2 
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Mr.  Sampson  Llotd  enquired  what  effect  the  great  variety  in 
the  thickness  of  the  seams  of  coal  in  different  districts  wonld  have 
upon  the  applicability  of  the  machine  now  described ;  and  whether, 
if  snccessftilly  employed  in  one  district  with  a  certain  thickness  of 
seams,  the  same  machine  conld  be  made  eqnally  applicable  in 
another  where  the  seams  were  of  a  very  different  thickness. 

Mr.  G.  GooHRAHE  thonght  one  of  the  difficnlties  attendant  upon 
different  thickness  of  seam  would  be  felt  in  applying  the  coal 
cutting  machine  in  South  Staffordshire,  owing  to  the  different 
method  employed  in  cutting  the  Thick  coal.  In  undergoing  the 
Thick  coal  the  practice  was  to  cut  away  a  thickness  of  2^  feet,  and 
this  was  all  sacrificed  as  slack,  and  had  to  be  excavated  in  order  to 
allow  the  collier  to  go  in  under  the  coal  for  performing  the  holing, 
which  was  carried  to  a  depth  of  10  or  even  20  yards  in  from  the 
face.  The  machine  in  undercutting  the  coal  to  a  distance  of  3  feet 
in  from  the  face  excavated  a  groove  only  a  few  inches  thick,  which 
he  thought  would  be  found  quite  inadequate  in  the  Thick  coal  to 
allow  of  breaking  the  coal  down  afterwards.  If  the  present  system 
of  working  were  carried  out,  the  machine  would  be  required  to  be 
arranged  so  as  to  excavate  a  thickness  of  2^  feet,  and  afterwards  go 
into  the  excavation  so  made  and  undercut  the  coal  stOl  ftirther  from 
the  fitce ;  and  he  thought  there  wbuld  be  some  diflB.cuIty  in  using  the 
machine  in  that  way.  Before  adopting  the  machine,  information 
was  needed  respecting  its  durability,  as  to  whether  that  had  been 
fully  tested  by  actual  working ;  and  also  in  reference  to  the  total 
outlay  for  plant  in  cutting  coal  by  a  machine  of  the  size  shown  in 
the  drawings. 

Mr.  F.  Lbvick  explained  that  the  machine  excavated  only  2  or 
3  inches  thickness  of  coal  in  undercutting  the  coal  to  a  distance  of 
3  feet  in ;  and  the  coal  so  undercut  could  then  be  benched  down  for 
a  height  of  2|  feet,  if  desired ;  after  which  the  machine  could  go 
under  and  proceed  with  the  holing  3  feet  further  in,  and  so  on  to 
any  extent  of  undergoing  that  might  be  desired,  since  the  machine 
was  made  low  enough  to  enter  into  any  space  2f  feet  high,  and 
could  thus  go  under  the  coal  wherever  a  collier  could  work  in  the 
ordinary  system  of  holing.     The  great  advantage  however  of  the 
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macliiiie  over  the  collier  was  tliat,  while  the  whole  thickness  of 
2j  feet  was  converted  into  slack  by  the  collier,  in  order  to  cut  an 
excavation  large  enongh  to  admit  him  to  go  under,  the  machine 
converted  only  2  or  3  inches  thickness  into  slack,  and  the  remainder 
of  the  2^  feet  thickness  was  obtained  in  the  form  of  good  serviceable 
coal.  The  machine  shown  in  the  drawings  was  low  enongh  to  work 
in  a  height  of  only  2|  feet ;  but  it  could  be  made  considerably  lower 
by  fliTniTiipln'Tig  the  size  of  the  carrying  wheels  and  otherwise 
modifying  the  construction.  In  undercutting  the  coal,  the  axis  of 
the  pick  was  turned  so  as  to  bring  the  pick  into  its  lowest  position^ 
enabling  the  pick  to  excavate  the  coal  as  low  down  as  on  a  level 
with  the  rails. 

Mr.  W.  Haden  did  not  see  what  need  there  was  to  undergo  the 
coal  to  a  greater  depth  than  3  feet  from  the  fisice  before  benching  it 
down.  It  was  true  that  was  not  in  accordance  with  the  very 
antiquated  mode  of  working  the  Thick  coal  which  was  still  adhered 
to  in  the  South  Staffordshire  district ;  but  he  did  not  fchink  there  was 
any  real  necessity  for  working  tiie  Thick  coal  in  a  different  manner 
from  that  adopted  in  thin  seams,  as  regarded  the  mode  of  holing, 
and  the  machine  might  just  as  well  be  employed  in  the  Thick  coal 
for  undercutting  to  a  depth  of  8  feet,  afber  which  the  coal  so 
undercut  could  be  benched  down  to  any  height  that  was  desired.  He 
enquired  whether  the  machine  could  cut  vertically,  so  as  to  cut 
down  the  sides  of  a  block  of  coal  afber  undercutting  it,  which 
would  then  allow  of  benching  the  coal  down  easily  in  the  case 
of  driving  a  heading. 

Mr.  C.  Cochrane  thought  the  machine  was  best  applicable  for 
undercutting  thin  seams  of  coal,  where  the  creeping  of  the  roof 
had  the  effect  of  breaking  down  the  coal  as  the  work  proceeded. 
In  applying  this  machine  however  to  the  lower  portion  of  the  Thick 
coal  there  would  be  no  such  creep,  the  thickness  of  coal  above 
being  so  great  as  to  prevent  any  practical  deflection ;  and  thus  the 
difficulty  would  arise  as  to  how  the  coal  so  undercut  could  b^ 
broken  down;  and  furthermore  how,  if  that  were  effected,  th^ 
large  masses  of  coal  could  be  conveniently  broken  up  into  pieces 
sufficiently  small  for  a  man  to  lifb.     One  advantage  of  the  deep 
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ezxsavation  made  by  a  collier  in  lioling  the  Thibk  coal,  notwiih- 
Btanding  the  quantity  of  slacdc  prodnced,  was  that  the  act  of  dropping 
the  seam  above  broke  the  cold  np  into  masses  which  did  not  require 
mnoh  ftirther  trouble  to  make  them  small  enon^  to  be  handled  in 
the  nsnal  way. 

Mr.  F.  Leyige  explained  that,  by  taming  the  pick  round  so  as  k> 
work  yartically,  ihe  machine  would  cut  l^e  coal  vertically  in  the 
same  manner  as  it  performed  the  holing.  It  waa  not  intended 
however  for  breaking  up  the  large  masses  of  coal  after  they  were 
benched  down,  and  that  operation  as  well  as  loading  tiie  ooid  into 
the  trams  would  have  to  be  done  by  hand  labour,  as  at  present. 

Mr.  F.  Smith  observed  that  it  appeared  from  the  explanatioin 
which  had  been  given  that  the  machine  was  as  appHoaUe  as  manual 
labour  to  the  purpose  of  undercutting  the  coal,  to  the  extent  of  ev€n 
2^  feet  thickness,  by  excavating  two  horizontal  cuts  at  top  and 
bottom  of  that  thickness,  and  then  benching  down  the  coal  between; 
and  the  difference  between  the  two  modes  of  holing  was  the 
important  practical  advantage  obtained  with  the  machine  in  getting 
nearly  all  that  thickness  of  coal  in  the  usefdl  fopn  of  lump  coal, 
instead  of  its  being  all  converted  into  slack  as  was  done  by  the 
collier. 

Mr.  W.  Mathews  enquired  what  was  the  thickness  of  the  seams 
of  coal  at  the  collieries  where  the  machine  had  been  adopted,  and 
what  was  the  character  of  the  coal  cut,  and  the  lay  of  the  seams. 
In  working  aeams  of  coal  up  to  4  feet  thick,  if  the  holing  were 
carried  in  to  a  distance  of  8  feet  from  the  &/ce  by  the  machine,  that 
would  no  doubt  allow  of  benching  down  the  remaining  thickness  of 
the  seam :  but  with  the  South  Staffordshire  Thick  coal  of  30  feet 
thickness  he  thought  a  holing  extending  only  3  feet  in  under  the 
coal  would  not  be  ftr  enough  to  allow  of  bringing  down  the  greater 
thickness  that  was  usually  benched  down  at  a  time,  and  it  would  hs 
necessary  for  the  undergoing  to  be  earned  farther  in.  MoreoTW 
there  was  a  great  difference  between  hard  and  soft  coal,  as  to  tiie 
success  with  which  it  could  be  worked  by  a  machine:  for  he 
understood  that  the  trials  made  by  Mr.  Nicholas  Wood  with  a  coal 
^.utiang  machine  at  his  oollieries  in  Durham  had  proved  suooessfiB] 
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witib  Hhe  soft  ooal^  but  not  witJi  the  liard  coal^  as  the  macbine 
worked  so  much  slower  in  the  hard  coal.  The  lay  of  the  seams 
also,  instead  of  being  always  horizontal^  was  firequently  at  an 
mcHnationy  the  slope  of  which  was  varied  by  waves  in  the  seams ; 
and  in  many  localities  the  course  of  the  seams  was  interrapted  by 
fiaralte.  In  working  snch  seams  by  mannal  labour  the  collier  could 
emplo J  his  pick  in  such  a  manner  as  to  meet  the  requirements  of 
any  oase  thai  might  arise ;  but  a  machine  was  not  so  readily  adi^ted 
to  all  varieiieB  of  circumstances. 

The  GHAiBHiir  said  the  seams  of  coal  worked  by  the  machine 
at  the  West  Ardsley  Colliery  were  about  5  feet,  8  feet,  and  2  feet 
9  inches  thick,  and  the  machine  was  equally  applical^e  for  cutting 
the  coal  ini^  of  ihem.  The  machine  used  in  that  case  was  smaller 
t^ian  the  one  shown  in  the  drawing,  and  could  cut  the  coal  only 
horizonti^y  <a  vertically,  but  not  at  an  inclination.  The  earlier 
maohines  had  been  rather  too  small,  but  they  might  be  made  of 
any  size  that  was  most  suitable  for  the  mine  in  which  they  were 
to  work. 

Mr.  F.  Leyice  explained  that,  whatever  might  be  the  inclination 
at  which  a  seam  of  coal  lay,  it  could  be  cut  with  equal  facility  by 
the  machine,  since  the  pick  worked  either  horizontally  or  vertically 
or  at  any  inclination  between  those  ezh?emes,  wiili  equal  readiness 
in  all  positions.  In  ike  case  of  a  colliery  in  Glamoiganshire,  where 
the  dip  of  the  coal  was  at  an  inclination  of  45^,  it  had  been 
decided,  instead  of  sinking  a  vertical  shaft  in  the  ordinary  manner, 
to  sink  an  inclined  shaft  at  45^  following  the  dip  of  the  coal,  by 
means  of  some  of  these  coal  cutting  machines  which  had  been 
ordered  for  the  purpose.  As  regarded  the  application  of  the 
machine  to  the  Thick  coal  (^  South  Staffordshire,  he  remembered 
that  the  plan  in  use  many  years  ago  £ofr  working  i^  coal  had  been 
to  work  it  in  successive  stages,  commencing  from  the  bottom  and 
working  upwards;  and  in  places  where  the  Thick  coal  was  so 
worked,  the  machine  would  answer  the  purpose  of  undercutting  in 
the  bottom  stage.  In  reference  to  the  practical  working  of  the 
machines,  one  of  them  had  now  been  at  work  at  the  High  Boyd 
CoDifiry  near  Bamsley  for  the  last  three  months,  which  was  of  the 
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size    shown    in   the    drawings,  and  he   nnderstood  had  proved 
thoroughly  snocessM. 

Mr.  S.  Bailet  had  seen  the  coal  catting  machine  at  work  both 
at  the  West  Ardsley  Colliery  and  at  the  Hetton  Colliery,  at  both  of 
which  collieries  the  machine  was  the  same  as  that  described  in  the 
paper,  excepting  that  the  latter  had  the  important  improvemant  of 
the  revolving  axis,  enabling  the  pick  to  be  worked  at  any  inclination 
so  as  to  cut  the  coal  either  in  seams  lying  level  or  inclined.  He  had 
been  mnch  pleased  with  the  working  of  the  machines  at  both  places, 
and  had  noted  the  particnlars  of  two  pieces  of  work  that  be  had 
seen  done  by  the  machine  at  the  Hetton  Colliery,  nndercntting  the 
coal  in  the  High  Main  seam,  which  was  a  very  hard  quality.  The 
holing  was  performed  at  three  separate  cuts,  with  a  different  tool 
each  time;  and  in  the  first  piece  of  work  a  length  of  6  feet 
along  the  &ce  of  the  coal  was  undercut  by  the  machine  to  a  depth 
of  2^  feet  iu  from  the  &ce  in  18^  minutes,  the  particulars  of  each 
cut  being  as  foUows : — 

1st  oat     ...     19  inches  deep      .      .    in   9  minuteQ. 
2iid  „       .      .      .       6      „         „         .      .    in.   4^       f, 
8rd   „       .       .       .       6      „         „  .      .    in    5         „ 

Total  depth  of  cat .     SOinohea  deep      .      •    in  18^  minates. 
In  the  second  piece  of  work  a  length  of  3  feet  along  the  &ce  was 
undercut  to  a  depth  of  3  feet  in  from  the  &ce  in  11^  minutes,  as 
foUows : — 

Ist  cat     ...     19  inches  deep      .      .    in   4   minates. 

2nd  „       ...      12      „         „         .      .    in    5 

8rd   „       .       .       .    ^     „         „         .       .    in   2i        „ 

Total  depth  of  cat .  86  inches  deep  .  .  in  llj  minates. 
The  time  noted  included  the  time  of  exchanging  the  picks  between 
each  cut,  and  moving  the  machine  back  again  to  the  starting*  point 
for  each  separate  cut.  From  these  specimens  of  its  performance  he 
was  very  weU  satisfied  with  the  working  of  the  machine,  and  was 
confident  that  its  adoption  in  any  district  would  be  attended  with 
very  considerable  advantage  in  coal  mining. 

Mr.  T.  Levick  had  seen  one  of  the  new  machines  started  to  work 
only  two  days  previously  at  the  Oaks  Colliery  near  Bamsley,  in  a 
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seam  of  coal  about  5^  feet  thick,  wliere  it  was  working  along  a  road 
laid  in  tlie  direction  of  tlie  dip  of  tlie  coal.  That  was  the  first  time 
that  one  of  the  machines  had  been  appHed  upon  an  inclined  road, 
and  there  was  rather  a  difficulty  in  keeping  the  machine  back  in 
working  ;  it  had  a  tendency  to  run  forwards  down  the  incline  of  the 
road,  which  somewhat  interfered  with  the  pick  clearing  itself  readily 
&om  the  coal  after  it  had  struck  the  blow,  and  the  pick  was  apt  to 
jam  itself  in  the  groove  it  had  cut.  Notwithstanding  this  drawback 
however  the  machine  on  that  occasion  undercut  a  length  of  14  feet 
in  7  minutes  at  the  first  cut,  to  a  depth  of  15  inches  in  from  the 
&ce.  The  machine  at  the  High  Royd  Colliery  near  Bamsley  had 
now  been  at  work  for  some  months,  and  it  was  calculated  that  it  did 
the  work  of  rather  more  than  twenty  colliers ;  the  coal  it  was 
working  in  was  8^  feet  thick  at  that  colliery. 

Mr.  F.  Smith  enquired  whether  the  coal  was  benched  down  after 
passing  the  machine  once  along  the  face  and  undercutting  once  with 
the  pick. 

Mr.  T.  Levick  repUed  that  the  machine  was  passed  twice  or 
three  times  along  the  work,  until  the  coal  was  undercut  to  the  depth 
of  3  feet  in.  After  making  the  first  cut  the  machine  was  taken 
back  to  the  place  from  which  it  started,  and  the  first  tool  was 
removed  and  replaced  by  a  longer  pick  rather  thinner  at  the  point ; 
this  did  not  cut  the  groove  any  wider  than  the  2  inches  excavated 
by  the  first  cut,  but  only  deepened  it.  Afber  the  undercutting  had 
been  carried  to  the  depth  of  8  feet  along  the  whole  length  of  the  cut, 
the  coal  was  benched  down. 

Mr.  J.  E.  Swindell  asked  whether  in  a  seam  as  thick  as  5  feet 
the  coal  could  be  benched  down  with  only  so  small  a  thickness  as 
2  inches  cut  out  at  the  bottom  by  the  machine. 

Mr.  T.  Levick  repHed  that  an  instance  of  that  sort  had  occurred 
at  the  High  Boyd  Colliery,  where  the  coal  could  not  be  benched 
down  with  only  2  inches  thickness  excavated  in  undercutting. 

Mr.  J.  G-.  Jokes  said  that  in  such  a  case  it  was  intended  to  put 
on  a  cleaver  or  axe  instead  of  the  pick,  and  fix  it  for  working  on  the 
upper  end  of  the  axis  of  the  machine,  cutting  downwards  in  an 
inclined  direction  towards  the  first  hoHng,  so  as  to  cut  out  a  wedge- 
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shaped  blodk  of  ooal ;  for  it  was  found  that  in  benobing  dawn  so 
muoh  as  5  feet  thiokness  of  coal  at  onoe,  the  exeayatioii  of  only 
2  inches  widi^  made  by  the  piok  of  the  machine  was  not  enough  to 
allow  so  thick  a  Uook  of  coal  to  break  off,  or  if  it  did  break  off  it 
lo^ed  and  conld  not  be  readUy  got  oat*  By  cutting  out  a  wedg9 
of  coal  howeyer  with  the  dearer,  the  holing  was  made  as  wide  at 
the  face  as  was  done  by  the  colUer,  with  the  important  advantage 
tiiat  the  piece  of  coal  so  cut  out  by  the  machine  waa  obtained  as 
good  seryiceable  lump  ooel,  instead  of  being  all  broken  up  into  slack 
in  the  process  of  holing  by  manual  labour. 

Mr,  J.  FHBmi  enquired  how  the  forward  movement  was  given  to 
the  machine,  for  advancing  it  as  the  work  progressed. 

Mr.  T,  liEYiOK  ez|dlaix]ied  that  the  forwaa^d  motion  was  giveua.  by 
the  handwheel  on  the  top  of  the  machine,  geared  to  Hud  carrying 
wheels,  bj  means  of  which  the  machine  was  advanced  by  hand  the 
required  distance  after  each  stroke  of  the  pick.  Before  advancing 
the  machine  however  after  each  stroke,  it  was  first  drawn  back 
slightly  by  the  handwheel,  so  as  to  ease  the  pick  out  of  the  cut,  and 
allow  of  the  return  stroke  being  made  readilj;  the  action  thus 
produced  was  similar  to  that  of  a  collier  working  a  pick  by  hand. 

Mr.  J.  E.  Swi3!n>ELL  asked  in  what  manner  the  machine  would  be 
put  to  work  for  driving  a  heading  of  3^  feet  square,  in  firont  of  the 
machine  itself. 

Mr.  T.  Leviok  said  for  such  a  purpose  the  pick  was  started 
cutting  vertically  downwards,  being  fixed  first  on  one  end  of  the 
axis  and  afterwards  on  the  other,  so  as  to  cut  a  vertical  groove  (m 
each  side  of  the  beading*  The  axis  of  the  pick  was  next  rotated, 
so  as  to  n:iake  the  piok  cut  horizontally,  and  the  Tnachine  was  drawn 
back  to  the  ftill  length  of  the  pick,  which  then  cut  a  horizontal 
groove  at  bottom  and  top  of  the  heading,  so  that  the  cubical  block 
of  coal  was  cut  on  all  four  sides,  and  held  only  at  the  back,  and  was 
readily  broken  off  and  removed. 

Mr.  G^.  AppiiHBaooEX  had  seen  the  mac^e  at  work  at  the  West 
Ardaley  Colliery  more  than  a  year  and  a  half  ago,  and  it  appeared 
to  be  doing  its  work  admirably,  irrespective  of  the  question  of 
cost  of  wcnrking.   The  seam  of  coal  in  which  it  was  thai  working 
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was  S^  feet  total  thickness,  haying  a  parting  in  it  less  than  1  foot  thick 
in  wldch  the  machine  was  performing  the  holing  for  getting  the 
upper  half  of  the  seam  of  coal  first.  He  enquired  what  was  the 
cost  of  the  coal  cutting  machine  and  the  air  engine  for  working  it. 

Mr.  F.  Lbvick  replied  that  the  heaviest  part  of  the  expense 
was  the  air-compressing  engine,  which  however  was  of  simple 
construction,  as  seen  from  the  drawing ;  and  the  cost  of  an  etigine 
of  tlie  size  there  shown,  with  steam  cylinder  16  inches  diameter  and 
3^  feet  stroke,  was  not  more  than  £250.  The  size  of  steam  cylinder 
however  would  of  course  depend  upon  the  pressure  of  steam 
intended  to  be  employed.  The  cost  of  the  coal  cutting  machine 
was  about  £60  or  £70,  exclusive  of  royalty. 

Mr.  G.  Addenbrookb  enquired  whether  there  was  not  rather  a 
heavy  expense  in  conducting  the  compressed  air  from  the  engine  to 
the  machine.  At  the  place  where  he  had  seen  the  machine  at  work 
in  the  West  Ardsley  Colliery  there  was  about  40  feet  length  of 
vulcanised  india-rubber  tubing  at  the  machine,  as  the  air  tube  was 
reqnired  to  be  flexible  at  its  extremity,  to  allow  the  machine  to  move 
backwards  and  forwards  ;  and  he  had  noticed  that  there  was  a  great 
deal  of  leakage,  consequent  on  its  working  backwards  and  forwards 
over  the  rough  floor  of  the  mine. 

Mr.  T.  Levick  thought  the  leakage  of  air  would  be  smaU,  if  the 
pipes  and  joints  were  properly  constructed  in  the  first  instance. 
The  size  of  the  pipes  necessary  to  convey  the  air  to  the  machine 
was  ao  smaU  that  the  expense  on  that  score  would  not  be 
considerable.  At  the  Oaks  Colliery,  where  it  was  intended  to  use 
the  machines  on  an  extensive  scale,  the  pipes  had  been  made  larger 
than  would  otherwise  have  been  necessary ;  they  were  5  inch  cast 
iron  pipes  fix)m  the  air-compressing  engine  to  within  400  yards  of 
the  machine,  then  2^  inch  cast  iron  pipes  nearly  to  where  the 
machine  was  working,  and  thence  1^  inch  gas  piping  with  an 
india-rubber  hose  at  the  end ;  so  that  practically  a  Ij  inch  pipe  was 
amply  sufficient  for  working  one  machine  well.  At  the  High  Boyd 
Colliery  much  smaller  pipes  were  used,  the  pipe  from  the  engine 
being  only  1|  inch  diameter;  aaid  a  2  inch  gas  pipe  would  be 
large  enough  for  supplying  two  or  three  machines  with  air. 

s  2 
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Mr.  p.  Smith  enqnired  wlietlier  tlie  air-compressing  engine  cotdd 
be  worked  by  tbe  winding  engine  of  the  pit,  instead  of  having  an 
independent  steam  cylinder  for  tbe  purpose.  He  asked  also  wheth^ 
in  undergoing  the  coal  the  point  of  the  pick  cleared  its  own  course, 
in  undercutting  by  the  machine :  a  collier  in  holing  gave  two 
motions  with  the  pick,  the  first  being  the  actual  striking  of  the 
blow,  and  the  second  a  sort  of  drawing  motion,  drawing  out  the 
small  coal  from  the  cut. 

Mr.  J.  G.  Jones  replied  that  it  was  objectionable  to  attach  the 
air-compressing  cylinder  to  the  winding  engine,  because  the 
interruptions  in  the  regular  working  of  the  engine  would  interfere 
too  much  with  the  regular  working  of  the  coal  cutting  machine ; 
but  it  might  be  attached  to  the  pumping  engine,  if  it  were  desired 
to  avoid  having  an  additional  steam  cylinder.  The  required 
movement  for  enabling  the  point  of  the  pick  to  clear  itself  after 
each  blow  was  given  by  the  man  working  the  machine,  who 
brought  the  machine  back  a  little  after  each  stroke  by  means 
of  the  handwheel,  so  as  to  free  the  pick  out  of  the  groove ;  and 
the  pick  brought  a  small  quantity  of  small  coal  out  with  it  at  each 
stroke. 

The  Chairman  remarked  that  at  the  West  Ardsley  Colliery  the 
exhaust  air  from  the  coal  cutting  machine  was  blown  into  the  cut, 
which  effectually  blew  ou^  all  the  small  coal  and  dust  and  kept  the 
groove  clean  for  the  pick  to  work  in.  At  first  the  air  was  blown  ia 
alone,  and  the  coal  at  that  colliery  being  of  a  dry  quality,  the  effect 
was  to  smother  the  men  with  dust ;  and  then  a  little  water  was 
blown  in  with  the  air,  which  completely  laid  the  dust,  while  clearing 
out  the  dirt. 

Mr.  J.  G.  Jones  had  not  found  it  necessary  to  blow  in  water  with 
the  air  at  other  collieries  where  the  machine  was  employed;  but 
some  coal  was  much  more  dusty  than  others,  and  in  that  case  a 
little  water  should  be  used  with  the  air  for  blowing  out  the  cut. 

Mr.  J.  E.  Swindell  enquired  whether  the  saving  effected  in 
cutting  the  coal  by  the  machine  as  compared  with  manual  labour 
had  been  ascertained  from  the  working  of  the  machines  at  the 
•5ollieries  where  they  were  in  use. 
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Mr.  F.  Levick  was  not  aware  what  was  the  amount  of  the  saying 
effected  by  employing  the  coal  cntting  machines ;  but  that  there  was 
a  cjonsiderable  saving  was  shown  by  the  fact  that  at  the  collieries 
where  they  were  abready  adopted  it  was  intended  to  nse  them  still 
more  extensively  in  place  of  manual  labour.  Already  one  machine 
did  the  work  of  20  or  30  colliers  in  holing,  and  he  expected  it  would 
ultimately  be  made  to  accomplish  even  more. 

Mr.  G.  Addenbrooke  remarked  that,  even  if  the  machine  had 
cost  more  than  manual  labour,  it  would  have  been  of  the  greatest 
advantage  in  the  South  Staffordshire  district  to  have  a  number  of  the 
machines  ready  to  be  put  to  work  during  the  recent  colliers'  strike. 

Mr.  J.  M.  HETHEBmoTON  said  a  rough  estimate  of  the  saving 
effected  by  the  machine  might  be  obtained  by  comparing  the  wages 
paid  to  colliers  and  the  cost  of  the  machine.  In  Lancashire  the 
average  wages  of  a  collier  were  30«.  per  week,  amounting  to  about 
£75  per  year;  and  the  cost  of  four  machines,  complete  with 
air-compressing  engine  and  pipes  to  the  machines,  might  safely  be 
estimated  at  an  outlay  of  not  more  than  £1000.  Thus  7^  per  cent, 
interest  on  the  outlay  would  be  realised  upon  the  labour  of  every 
coUier  saved  by  the  machines ;  and  as  one  machine  was  found  to 
perform  the  work  of  20  men  in  holing,  it  was  clear  that  a 
considerable  number  of  men  might  be  dispensed  with  by  the 
adoption  of  the  machine,  with  a  large  saving  in  the  cost  of  getting 
the  coal. 

Mr.  Isaiah  Hill  thought  the  question  was  only  one  of  cost,  as  to 
the  adoption  of  the  coal  cutting  machine,  since  there  appeared  to 
him  no  doubt  about  its  advantages  over  manual  labour,  and  it  had 
only  to  be  considered  what  wotdd  be  the  expense  of  putting  the 
machine  to  work  and  keeping  it  in  good  order.  It  would  be 
particularly  serviceable  in  mines  worked  on  the  long  wall  system ; 
and  where  the  pits  had  straight  roads  the  expense  of  working  the 
machine  he  thought  need  not  be  much ;  but  in  pits  worked  with  gob 
roads  for  bringing  out  the  coal  through  the  goaf,  as  was  commonly 
the  case  in  long  wall  workings,  there  would  probably  be  a  good  deal 
of  expense  involved  in  constantly  taking  up  the  air  pipes  as  each 
gob  road  in  succession  was  abandoned,  and  relaying  them  in  the 
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new  roads  as  the  working  faces  advanced.  Notwithstanding  this 
additional  trouble  however  he  thought  the  machine  nught  be 
advantageously  brought  into  use  in  such  cases.  It  would  also  be 
especially  applicable  wherever  there  was  the  good  fortune  of  meeting 
with  a  considerable  extent  of  a  level  coal  seam  not  interrupted  by 
faults,  in  which  case  it  might  be  put  to  work  with  great  advantage 
to  undercut  along  a  great  length  of  face,  where  otherwise  as  many 
as  20  men  in  a  row  might  have  to  be  employed  for  holing  the  coaJ. 
There  would  probably  be  much  difficulty  in  using  the  machine  in 
places  where  there  were  many  faults,  from  the  trouble  of  constantly 
shifting  the  machine  to  work  in  different  positions,  and  the  difficulty 
of  obt^ning  a  sufficient  length  of  working  face  to  render  the 
employment  of  the  machine  remunerative. 

Not  only  would  the  machine  effect  a  great  saving  in  imdergoing 
the  coal,  by  obtaining  good  solid  coal  where  the  colHer  made  small 
slack,  but  this  saving  would  be  particularly  important  in  the  case  of 
thin  coal  seams,  say  only  3  feet  thick  or  less,  in  which  at  present  the 
collier  cut  away  about  18  inches  thickness  at  the  face  and  converted 
it  into  slack.  And  with  regard  to  undergoing  in  the  Thick  coal  of 
South  Staffordshire,  of  which  he  had  had  experience  in  the  workings 
under  his  charge  at  the  Chillington  Collieries  near  Wolverhampton, 
as  the  chief  amount  of  labour  was  in  the  undergoing,  he  did  not  see 
why  the  machine  should  not  be  made  serviceable  for  the  purpose,  by 
adding  a  longer  pick  if  it  were  desired  to  carry  the  holing  further  in 
from  the  fiice  before  benching  down  the  coal.  The  thickness  of 
2  inches  excavated  by  the  machine  appeared  to  hiTn  to  be  in  general 
quite  sufficient  for  getting  the  coal  down,  as  it  must  be  a  very  hard 
coal  indeed  that  would  not  break  off  with  2  inches  of  undercutting 
at  the  face  carried  to  a  depth  of  3  feet  in.  No  doubt  the  mass  of 
coal  benched  down  with  only  2  inches  thickness  of  holing,  would 
"lie  in  the  dirt  "as  it  was  called,  that  is,  would  remain  almost  in 
the  same  place  after  being  broken  down,  instead  of  falling  forwards 
from  the  seam ;  but  it  would  be  none  the  less  completely  broken 
down  and  loosened  from  the  seam,  and  could  be  broken  up  and  got 
out  by  the  colliers  in  the  usual  manner.  In  working  very  hard  coal, 
it  was  frequently  necessary  to  blast  it  with  powder,  and  when  that 
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was  tlie  case  lie  snggested  that  the  machine  might  be  made  use  of  for 
drilling  the  holes  for  the  charges.  The  machine  would  also  be  very 
nsefiil  he  thought  for  many  other  parts  of  the  work  done  in  a  pit, 
particularly  for  driving  small  headings  or  gateroads ;  and  as  the 
quantity  of  small  coal  made  by  the  machine  was  so  much  less  than 
in  liand  labour,  he  thought  this  might  all  be  used  up  in  the 
pnddling  ftimaces. 

Mr.  T.  Lbvick  explained  that  in  working  a  very  hard  coal,  which 
would  not  break  off  with  only  2  inches  thickness  of  holing,  the  coal 
was  got  down  by  putting  a  cleaver  or  axe  on  the  machine,  as  had 
been  mentioned,  after  first  undercutting  with  the  pick;  by  that 
means  a  wedge-shaped  piece  of  coal  was  cut  out  to  the  height  of 
If  or  2|  feet,  which  had  the  same  effect  as  undergoing  the  coal  to  the 
same  height  by  hand  labotir,  and  saved  the  coal  instead  of  reducing 
it  to  slack.  This  had  been  done  at  the  High  Boyd  ColKery  for 
benching  down  the  coal  in  the  8|  feet  seam,  and  the  original  2  inch 
groove  cut  by  the  machine  was  afterwards  widened  by  the  cleaver 
to  18  inches  at  the  face  of  the  coal. 

Mr.  F.  Smith  did  not  see  why  the  length  of  the  pick  should  be 
limited  to  3  feet,  and  he  enquired  whether  a  greater  length  of 
pick  had  been  tried  with  the  machine,  for  undergoing  the  coal  to  a 
greater  distance  in  from  the  face.  He  asked  also  how  many  men 
were  required  for  working  the  machine,  and  in  what  spirit  it  had 
been  received  by  the  colliers  at  the  pits  where  it  was  abeady  at 
work. 

Mr.  T.  Levick  replied  that  in  working  the  machine  with  a  long 
pick,  as  the  wheels  were  kept  close  together  under  the  body  of  the 
machine,  it  had  a  great  tendency  to  jump  off  the  rails  at  each  stroke 
of  the  pick  in  holing ;  but  this  had  now  been  effectually  obviated  by 
the  addition  of  the  steadying  tail-piece  attached  behind  the  machine, 
which  produced  a  great  improvement  in  the  steady  working  of  the- 
machine,  preventing  vibration  in  holing,  and  allowing  of  keeping 
the  carrying  wheels  close  together  under  the  machine.  The  greatest 
length  of  pick  yet  worked  by  the  machine  was  4|  feet,  but  3  feet 
was  the  longest  ordinarily  used.  The  machine  required  only  one 
man  or  a  boy  to  work  it. 
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The  Chatbman  said  he  had  understood  the  men  working  at  the 
collieries  where  the  machine  was  used  liked  it  becanse  it  brought 
them  a  constant  and  very  abundant  supply  of  fresh  cool  air  into  the 
workings.  It  wotdd  of  course  be  an  expensive  undertaking  under 
ordinary  circumstances  to  keep  the  mine  cool  for  the  men,  but  with 
the  coal  cutting  machine  the  owner  of  the  colliery  could  not  avoid 
throwing  cold  air  into  the  workings.  The  way  in  which  the 
machine  had  been  worked  at  some  coUieries  where  there  was  a  night 
shift  was  to  undergo  a  lot  of  coal  in  the  night,  and  then  the  men 
went  down  the  pit  in  the  morning  to  get  it  during  the  day.  With 
regard  to  the  great  advantage  and  economy  of  the  machine  as 
compared  with  hand  labour,  it  should  be  borne  in  mind  that  one 
principal  reason  of  the  superiority  of  the  machine  was  that  the  pick 
when  worked  by  the  machine  was  guided  at  each  blow  with  perfect 
accuracy,  and  the  full  force  of  the  blow  was  concentrated  on  a 
narrow  pick,  so  that  it  cut  a  much  narrower  groove  than  the  coUier 
could  possibly  do,  and  was  thus  enabled  to  undercut  a  much  greater 
length  of  coal  in  the  same  time  ready  to  be  benched  down :  the  first 
pick  cut  a  groove  of  only  2  inches  width,  the  second  If  inch,  and 
the  third  a  groove  only  Ij  inch  wide.  The  average  width  of  the 
groove  from  the  face  to  the  innermost  extremity  was  therefore  not 
so  much  as  2  inches,  and  it  was  only  this  very  small  portion  of  coal 
that  had  to  be  cut  out  in  slack  by  the  machine,  in  place  of  the  large 
excavation  required  to  be  made  by  the  collier  for  undergoing  the 
coal  to  the  same  distance  in.  The  machine  was  thus  in  fisu^t  not  a 
coal  crushing,  but  literally  a  coal  cutting  machine. 

Mr.  Sampson  Llotd  enquired  how  many  of  the  machines  were 
now  at  work,  and  whether  in  any  instance  where  they  had  been 
introduced  they  had  afterwards  been  discarded. 

Mr.  F.  Levick  said  there  were  only  two  of  the  machines  yet  at 
work  in  the  present  form,  but  a  number  more  were  in  progress ;  and 
there  were  as  many  as  twenty  or  thirty  holing  machines  in  use  upon 
the  previous  construction,  before  the  improvement  of  the  rotating 
headstock  had  been  added,  for  enabling  the  pick  to  work  at  all 
inclinations.  No  one  who  had  once  tried  the  machine  had  discarded 
it,  and  all  who  had  already  got  it  at  work  intended  to  employ  it 
more  extensively. 
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Tlie  Chaieman  suggested  that,  if  one  of  the  machines  were 
sliOTni  at  work  in  the  South  Staffordshire  district,  that  would 
be  a  satisfactory  mode  of  practically  testing  its  capabilities  and 
advantages. 

Mr.  F.  Levick  said  one  of  the  machines  had  been  shown  at 
Tvork  above  ground  in  Manchester,  and  had  been  tried  upon  a  block 
of  Satb  stone  for  the  purpose,  from  the  bottom  of  which  it  cut  out 
a  groove  of  2  inches  width  with  great  facility,  quite  smooth  and 
clean. 

3ir.  F.  Smith  said  that  at  the  Earl  of  Dudley's  collieries  he 
sbonld  be  happy  to  arrange  for  affording  every  facility  for  a 
tborongh  practical  trial  of  the  coal  cutting  machine. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Levick  for  his 
paper,  which  was  passed. 


The  following  paper,  communicated  through  Mr.  Edward  Jones 
of  Wednesbury,  was  then  read : — 
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ON  PUDDLING  IRON  BY  MACHINERY. 


By  Mr.  HENEY  BENNETT,  or  Wombbidgk  Ieon  Works. 


In  the  manufacture  of  wronglit  iron  from  the  crude  pig  iron,  the 
purifyiiig  of  the  metal  by  the  process  of  Puddling  involves  very 
heavy  and  long  continuous  hand  labour ;  since  the  metal,  after  being 
melted  in  the  puddling  furnace,  has  to  be  continuously  stirred  for  a 
considerable  time  whilst  boiling,  in  order  to  expose  it  thoroughly  to 
the  action  of  the  current  of  air  passing  through  the  frirnace,  so  as 
to  effect  the  chemical  changes  required  for  the  separation  and 
removal  of  the  impurities  originally  combined  with  the  iron.  The 
metal  has  then  to  be  balled  up  into  separate  masses  of  about  f  cwt. 
each  for  the  shingling  hammer ;  and  the  whole  process  extends  over 
about  an  hour  from  the  time  of  melting  the  pig  iron  for  each  heat, 
of  which  six  are  worked  in  the  day. 

The  application  of  machinery  to  puddling  has  long  been  felt  to 
be  very  desirable,  on  account  of  the  laborious  nature  of  the  process, 
owing  to  the  continuous  heavy  work  required  and  the  great 
heat  to  which  the  men  are  exposed ;  and  the  simple,  mechanical 
character  of  the  greater  portion  of  the  process,  which  consists  in 
merely  a  continuous  uniform  stirring  of  the  material,  renders  it  very 
suitable  in  that  respect  for  the  application  of  machinery.  But  the 
high  temperature  of  the  ftimace  and  the  necessity  for  not  interfering 
with  the  current  of  air  passing  through  it,  which  has  to  be  regulated 
and  changed  as  the  process  advances,  cause  great  practical 
difficulties  in  successfully  carrying  out  the  application  of  machinery 
in  place  of  hand  labour. 

Many  attempts  have  been  made  to  accomplish  puddling  by 
machinery.  A  rotary  furnace  has  been  tried,  having  the  portion 
containing  the  melted  iron  made  to  revolve  by  machinery 
horizontally  upon  a  vertical  axis,  with  a  scraper  placed  across  it  for 
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stirring  tlie  metal  as  it  revolved,  the  object  being  to  effect  the 
entire  operation  by  machinery;  bnt  the  practical  diflSctilties  in 
keeping  such  a  machine  at  work  and  obtaining  the  proper  result  in 
the  process  were  fonnd  too  great  to  be  snrmonnted.  Various 
attempts  have  also  been  made  to  produce  an  action  similar  to  that 
of  the  hand  puddling  process,  by  means  of  machinery  more  or  less 
complicated  ;  but  it  is  important  that  any  apparatus  for  the  purpose 
should  be  simple  in  construction,  and  not  liable  to  get  out  of  order 
xmder  the  rough  usage  of  the  men  by  whom  it  has  to  be  worked. 

In  the  plan  to  be  described  in  the  present  paper,  the  object  of 
the  writer  has  been  to  adhere  as  closely  as  possible  to  the  ordinary 
course  of  hand  puddling,'  and  to  employ  machinery  simply  to  aid 
the  puddler  by  relieving  him  of  the  most  laborious  part  of  the 
work,  namely  the  stirring  or  working  of  the  metal  in  the  puddHng 
fomace.  At  the  same  time  the  objects  aimed  at  have  been,  by  a 
more  rapid  and  uninterrupted  process  of  stirring  the  metal,  to 
shorten  the  time  of  the  puddling,  thereby  economising  ftiel ;  to 
improve  the  quality  of  the  iron,  by  rendering  the  process  more 
uniform  and  perfect  than  with  hand  labour ;  and  to  increase  the 
yield  of  the  ftimace,  by  working  larger  charges  than  could  be  both 
puddled  and  balled  up  at  one  heat  by  hand  labour  alone. 

The  apparatus  is  shown  in  Figs.  1  to  4,  Plates  87  to  90,  which 
represent  it  as  applied  to  a  double  puddling  famace  worked  from 
both  sides.  Fig.  1  is  a  transverse  section  of  the  famace,  Fig.  2  a 
plan  of  the  top  of  the  famace  showing  the  machinery,  Fig.  3  a 
longitudinal  section  of  the  ftimace,  and  Fig.  4  a  sectional  plan 
showing  the  area  worked  over  by  the  machine. 

The  ordinary  puddling  tool  or  "rabble"  A  A,  Fig.  1,  is  worked 
backwards  and  forwards  in  the  puddling  ftimace  by  the  vertical 
arm  B  B  outside  the  ftimace,  to  which  it  is  connected  by  a  notch  in 
the  handle  of  the  rabble,  dropped  loosely  upon  a  pin  at  the  bottom  of 
the  working  arm.  This  arm  is  cottered  at  top  into  a  horizontal  square 
sUde  bar  C  C  overhead,  sliding  longitudinally  through  two  guide 
sockets  D  and  E,  and  worked  by  the  connecting  rod  F  F  from  the  main 
bar  G  G,  which  is  a  long  T  iron  bar  extending  horizontally  across  a 

T  2 
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whole  row  of  puddling  ftimaces,  being  oarried  by  rollers  1 1  in  the 
frame  fixed  upon  each  ftimaee ;  and  a  longitudinal  reciprocating 
motion  is  given  to  it  by  a  crank  at  one  end  driven  by  engine  power. 
The  guide  frame  or  sector  carrying  the  guide  sockets  D  and  E  of 
the  sliding  bar  C  is  centred  on  a  vertical  pin  immediately 
over  the  door  of  the  puddling  fiimace,  and  the  outer  end  is  moved 
transversely  from  side  to  side  with  a  slow  reciprocating  traverse 
along  the  guiding  quadrant  H,  Fig.  2,  by  means  of  the  connecting 
rod  J  from  the  crank  K,  which  is  driven  through  a  worm  wheel  and 
screw  L  by  the  horizontal  shaft  M  M  extending  over  the  frimaces 
alongside  the  reciprocating  bar  G. 

The  main  bar  G,  Fig.  1,  works  at  a  speed  of  about  fifty  strokes 
per  minute,  and  has  a  length  of  stroke  of  2  ft.  10  ins.,  carrying  the 
rabble  with  the  same  length  of  stroke  across  the  floor  of  the 
furnace,  as  shown  by  the  two  extreme  positions  in  the  transverse 
section,  Fig.  1,  and  the  sectional  plan,  Fig.  4.  The  transverse 
motion  given  by  the  crank  K,  which  makes  one  revolution  for  every 
seventy  strokes  of  the  rabble,  causes  the  direction  of  ecKsh  stroke 
to  change  gradually  between  the  two  extremes  of  the  guiding 
quadrant  H,  Fig.  2 ;  so  that  the  end  of  the  tool,  instead  of  moving 
backwards  and  forwards  always  in  the  same  line,  is  worked 
successively  over  every  portion  of  the  floor  of  the  ftimace  within  the 
range  marked  by  the  dotted  lines  on  the  plan,  Fig.  4,  in  lines 
radiating  from  the  working  hole  in  the  door  of  the  ftimace,  corre- 
sponding exactly  to  the  action  in  hand  puddling.  In  the  double 
furnace,  with  a  door  on  each  side,  the  two  traversing  cranks  K  K  are 
set  at  right  angles  to  each  other,  so  that  the  two  rabbles  are  always 
working  in  different  parts  of  the  ftimace.  The  whole  of  the  machinery 
is  kept  clear  above  the  ftimace,  outside  and  completely  protected 
from  the  heat,  and  quite  out  of  the  way  of  the  men  ;  nothing  being 
exposed  to  the  heat  except  the  rabble  or  puddling  tool,  the  same  as 
in  hand  puddling. 

The  double  ftimace  shown  in  the  drawings  is  exactly  the  same  in 
construction  in  all  respects  as  the  ordinary  single  puddling  ftimaces, 
except  that  it  is  made  with  a  working  door  at  each  side,  and  is 
one  foot  wider  inside. 
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Wlien  the   charge   of  pig  iron  is  melted  and  ready  for  the 

commencement  of  the  process  of  puddling,  the  apparatus  is  put  into 

action  by  simply  dropping  the  notch  in  the  handle  of  the  rabble  A, 

Fig.    1,   on  to  the  pin  in  the  working  arm  B,   which  is  kept 

continnously  in  motion  by  the   horizontal   reciprocating    bar   G 

working  overhead.     The  puddler  changes  his  tool  from  time  to 

time    as  it  becomes   heated,  by   simply   lifting  the  notch  in  the 

handle  off  the  pin  in  the  working  arm,  and  replacing  the  tool  with 

a  fresh  one,  without  stopping  the   machine;  and  when  the  iron 

begins  to  thicken,  he  takes  the  opportunity  of  each  change  of  tool 

to  make  a  few  strokes  by  hand,  in  order  to  collect  the  metal  from 

the  extreme  sides  of  the  furnace  into  the  centre,  which  is  found  to 

ensure  the  whole  charge  being  uniformly  worked.     The  usual  time 

of  working  with  the  machine  is  about  25  minutes  with  ordinary 

forge  pig  iron,  the  tool  being  changed  five  or  six  times ;  but  with 

grey  iron  the  time  of  working  is  much  prolonged.     In  the  latter  case 

the  machine  is  especially  serviceable,  since  the  iron  keeps  in  a  fluid 

state  much  longer,  and  requires  consequently  so  much  more  working ; 

which  causes  the  labour  to  be  so  much  more  severe  in  the  case  of 

hand  puddling  that  there  is  great  difficulty  in  getting  the  men  to 

work  any  iron  that  is  very  grey.     With  the  machine  however  this 

causes  no  increase  of  labour  to  the  men,  and  only  increases  the  time 

of  the  process. 

When  the  iron  begins  to  thicken,  or  as  it  is  termed  is  ''  coming 
to  nature,"  the  machinery  is  disconnected  without  stopping  it,  by 
simply  knocking  out  the  cotter  that  fixes  the  upper  end  of  the 
vertical  working  arm  B,  Fig.  1 ;  the  arm  then  drops  out,  leaving 
the  fdmace  door  entirely  clear  for  the  puddler  to  ball  up  the  iron, 
which  is  done  exactly  in  the  same  manner  as  in  ordinary  puddling 
ftimaces,  without  the  man  being  in  any  way  inconvenienced  by  the 
machinery  continuing  at  work  overhead. 

The  general  objects  aimed  at  in  this  puddling  machine  have  been 
simpHcity  of  construction  and  action,  and  small  cost  both  in 
construction  and  repair.  The  machine  has  nothing  in  it  liable  to 
get  out  of  order,  and  possesses  great  durabihty  in  the  working  parts. 
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Also  the  object  lias  been  to  improve  tbe  qnaJity  of  tbe  iron  prodnced, 
by  its  being  more  tborongbly  and  uniformly  worked  than  is  done  by 
hand  labour.  When  the  metal  is  in  the  boiling  state,  it  is  known 
that  the  more  work  is  put  into  it  the  better  is  the  quality  of  the 
iron  produced ;  and  this  work  is  necessarily  better  done  by  the 
machine  than  it  can  be  by  hand,  since  the  speed  of  working  with 
the  machine  is  one  half  greater,  and  the  working  is  kept  up 
uninterruptedly,  without  any  intervals  for  rest  such  as  in  hand 
labour,  during  which  the  metal  would  remain  stationary  in  the 
furnace. 

The  machine  is  appUed  to  ordinary  single  puddling  fdmaces  by 
employing  simply  one  half  of  the  apparatus  shown  in  the  drawings, 
without  any  alteration  being  required  in  the  furnace,  the  frame 
of  the  apparatus  being  merely  attached  to  the  top  of  the  ftimace. 
The  double  ftimace  shown  in  the  drawings  is  preferable  however,  as 
it  effects  a  great  economy  in  the  consumption  of  ftiel,  as  compared 
with  a  single  ftimace  ;  and  puddles  double  the  quantity  of  iron  in 
the  same  time.  With  the  single  ftimaces  at  the  writer's  works,  and 
charges  of  5  cwts.,  the  consumption  of  coal  is  28  cwts.  per  ton  of 
puddled  bar  made ;  but  with  the  double  famace  and  charges  of 
10  cwts.,  the  consumption  of  coal  is  only  17  cwts.  per  ton  of  puddled 
bar,  being  a  reduction  of  39  per  cent.  The  number  of  heats  or 
charges  worked  in  the  single  furnace  is  six  heats  of  6  cwts.  each, 
and  in  the  double  furnace  five  heats  of  10  cwts.  each,  per  turn  of 
from  9  to  10  hours.  In  working  the  double  furnace  it  is  found  best 
to  have  one  puddler  only  and  two  underhands,  to  avoid  the  division 
of  responsibility  that  would  arise  in  the  case  of  two  puddlers 
working  the  same  charge  of  iron. 

The  yield  of  iron  in  working  6  cwts.  charges  in  the  single 
fdmaces  is  18  cwts.  2  qrs.  21  lbs.  per  ton  of  pig,  or  93 1  per  cent. ; 
and  with  the  double  ftimace  working  10  cwts.  charges  the  yield  is 
18  cwts.  2  qrs.  9  lbs.  per  ton  of  pig,  or  93  per  cent. 
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The  Chairman  regretted  that  Mr.  Bennett  was  unexpectedly 
prevented  from  attending  the  meeting;  bnt  the  manager  of  his 
-works,  Mr.  Fisher,  was  present,  and  would  be  happy  to  afford  any 
fiirther  information  that  was  desired  respecting  the  puddling 
machine.  He  understood  that  the  machine  had  been  tried  at  the 
Old  Park  Iron  Works,  Wednesbury,  and  enquired  what  had  been 
the  experience  of  its  working  there. 

Mr.  P.  Babker  replied  that  they  had  had  two  of  the  puddling 
machines  described  in  the  paper  at  work  at  the  Old  Park  Iron 
Works  during  the  past  two  months,  with  very  satisfactory  results. 
The  machines  worked  5  cwts.  of  iron  at  each  charge,  instead  of 
4  cwts.  previously  worked  by  hand,  and  with  the  same  amount  of 
ftiel ;  they  had  been  worked  only  in  the  day  at  present,  as  there  had 
been  no  occasion  yet  to  work  them  constantly  both  night  and  day. 
As  &>r  as  the  work  done  was  concerned,  the  present  machine  had 
been  found  very  good  indeed ;  but  he  thought  the  construction  was 
rather  complicated,  and  hardly  strong  enough  to  stand  the  rough 
usage  that  any  machinery  must  be  expected  to  meet  with  in 
connection  with  the  operation  of  puddHng.  He  had  recently  seen 
also  a  puddHng  machine  at  Mr.  Eastwood's  works  at  Derby, 
which  worked  an  ordinary  rabble  in  a  somewhat  similar  manner ; 
and  thought  that  machine  appeared  to  have  a  superiority  in  respect 
of  strength  and  durability. 

Mr.  Henbt  Maudslat  observed  that  if  the  machine  described  in 
the  paper  were  found  too  light  for  durability  'in  any  parts,  it  might 
easily  be  made  stronger  to  any  extent  desired.  It  appeared  to  him  to 
be  a  well  designed  machine  for  the  purpose,  with  a  simple  and  direct 
action  for  working  the  rabble  equally  and  regularly  over  all  parts  of 
the  fdmace.  He  enquired  what  had  been  found  to  be  the  durability 
of  the  machines  at  the  Wombridge  Iron  Works. 

Mr.  W.  Fisher  replied  that  the  puddling  machines  had  now 
been  at  work  constantly  during  the  day  for  the  last  six  months  at 
the  Wombridge  Iron  Works,  and  continued  to  work  as  well  now  as 
they  did  when  they  were  first  started;  and  there  had  been  no 
occasion  to  repair  any  of  the  working  parts  since  then,  as  the 
machines  had  been  found  very  simple  and  strong.     A  man  went 


304  PUDDLING  MACHINE. 

round  twice  a  day,  and  pnt  a  little  oil  on  morning  and  evening ;  and 
they  could  be  worked  niglit  and  day  when  desired.  At  first  there 
had  been  a  little  difficulty  in  introducing  the  machine ;  but  now  the 
men  felt  its  advantage,  and  were  anxious  to  have  it  employed  on 
night  work  also. 

The  six  months'  experience  of  the  working  of  the  machine  had 
shown  that  5  cwts.  of  iron  were  puddled  by  it  in  the  time  that  a 
man  would. take  to  puddle  4  cwts. ;  and  it  was  also  found  that  the 
machine  made  a  great  improvement  in  the  quality  of  the  iron. 
This  was  accounted  for  by  the  fact  that,  while  in  hand  puddling 
there  was  the  liability  of  the  underhands  frequently  neglecting  their 
work,  the  machine  went  steadily  on,  working  the  tool  constantly  to 
and  fro  in  the  furnace  without  any  intermission,  and  kept  the  irpn 
well  stirred  during  the  whole  time  that  the  work  was  required  to  be 
put  into  it.  The  consequence  was  that  very  seldom  was  a  bit  of  raw 
iron  seen  from  the  puddling  furnaces  worked  by  the  machine ;  and 
the  puddled  bars  were  very  seldom  found  to  break  off  short  in  the 
rolling,  unless  the  iron  were  a  little  too  hot.  In  the  heavy  operation 
of  puddling  it  was  impossible  for  any  puddler  to  stand  up  to  his 
work  as  the  machine  did,  since  the  machine  never  tired,  but  kept  on 
steadily  at  the  work  without  rest,  and  at  a  quicker  rate  of  working 
than  in  hand  puddling.  By  using  the  machine  to  do  the  heavy 
part  of  the  work,  it  was  only  required  for  the  puddler  occasionally 
to  disengage  the  tool  and  draw  the  iron  from  the  sides  of  the 
frimace  into  the  centre,  leaving  the  machine  during  the  rest  of  the 
time  to  perform  its  Vork  alone.  When  the  iron  was  ready  for 
balling  up,  the  puddler  came  fresh  to  the  work ;  and  from  the  men 
being  relieved  of  the  severest  part  of  the  labour,  the  furnaces  worked 
by  the  machine  turned  out  about  5  cwts.  at  each  heat  and  six  heats 
during  the  day,  with  the  same  quantity  of  ftiel  as  was  used  for  the 
ordinary  heats  of  only  4  cwts.  in  hand  puddling  with  six  heats  per 
day.  The  average  result  of  the  day's  work  with  the  machine  was 
about  28|  cwts.  of  puddled  iron  from  30  cwts.  of  pig  iron,  as 
compared  with  about  22^^  cwts.  of  puddled  iron  from  24  cwts.  of  pig 
iron  by  hand  puddHng.  The  improvements  effected  by  the  machine 
were  therefore  that  it  produced  a  better  quality  of  iron  with  a 
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decreased  consnmption  of  fuel,  and  tnmed  out  more  iron  in  the 
same  time.  The  machine  did  not  interfere  with  the  wages  of  the 
nnderhands,  as  they  had  to  be  employed  the  same  as  without  the 
machine ;  whilst  the  puddler*s  wages  were  increased  by  his  being 
enabled  to  turn  out  more  iron  in  the  same  time. 

The  Chaibman  enquired  how  many  of  the  puddling  machines 
described  in  the  paper  there  were  at  work,  and  what  was  the  longest 
tim.e  that  any  one  had  been  in  use. 

Mr.  W.  FiSHBR  replied  that  they  had  six  of  the  machines  now  at 
work  at  the  Wombridge  Iron  Works,  and  there  were  also  two  at 
the  Old  Park  Iron  "Works,  Wednesbury,  one  at  the  Horsehay  Iron 
Works  near  Wellington,  three  or  four  in  the  North  of  England,  and 
about  a  dozen  in  South  Wales.  The  longest  had  now  been  at  work 
nearly  twelve  months.  In  the  first  machine  the  traversing  motion 
of  the  guiding  quadrant  was  given  by  a  rack  and  pinion  reversed 
by  a  mangle  motion ;  but  this  was  now  replaced  by  the  crank 
motion  shown  in  the  drawings,  which  was  a  simpler  arrangement. 

Mr.  F.  Smith  enquired  whether  it  was  necessary  for  the 
puddling  fdmaces  to  be  placed  in  any  particular  position,  in  order 
that  the  machines  might  be  employed  to  the  best  advantage.  At 
the  Earl  of  Dudley's  new  ironworks  at  Bound  Oak,  the  puddling 
ftimaces  were  placed  in  a  semicircle,  which  was  considered  the  most 
eligible  arrangement :  and  he  did  not  see  how  the  mode  of  working  ^ 
the  machines  by  means  of  a  long  bar  driven  by  a  crank,  as 
described  in  the  paper,  could  be  made  applicable  in  that  case. 

Mr.  W.  Fisher  repKed  that  the  best  arrangement  as  regarded 
the  working  of  the  puddling  machines  was  to  place  the  fdmaces 
back  to  back  in  pairs,  and  then  the  single  long  bar  running  from 
end  to  end  of  the  forge  would  work  as  many  pairs  of  ftimaces  as 
were  placed  under  it. 

Mr.  Sampson  Lloyd  observed  that  in  regard  to  the  circular 
arrangement  of  the  puddling  ftimaces  the  adoption  of  small  donkey 
engines  for  working  each  machine  or  each  pair  of  machines  would 
completely  obviate  all  difficulty,  and  would  allow  of  placing  the 
puddling  machines  in  any  positions  that  might  be  desired,  while  the 
difference  of  cost  would  be  comparatively  little. 
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Mr.  W.  Mathews  remarked  tliat  there  were  three  essential  points 
to  be  considered  in  connection  with  the  application  of  machinery  to 
puddling :  namely,  the  quality  of  the  iron  produced,  the  quantity  of 
the  yield,  and  the  saving  of  fiiel ;  and  he  enquired  whether  the  use 
of  the  puddling  machine  materially  affected  the  quality  of  the 
puddled  bar  produced,  under  the  same  conditions  that  applied  to 
ordinary  hand  puddling,  with  a  reasonable  proportion  of  grey  iron 
supplied  to  the  puddling  furnace  for  each  charge. 

Mr.  W.  Fisher  replied  that,  whilst  with  hand  puddhng  the 
puddled  bar  broke  very  short  and  the  general  quality  was  indifferent, 
the  iron  puddled  by  the  machine  was  much  superior  in  quaUty, 
strong  and  fibrous.  The  yield  was  much  greater  in  puddling  by  the 
machine,  as  there  was  less  liability  of  the  pig  iron  being  burnt  in  the 
ftimace  for  want  of  regular  stirring ;  and  in  respect  to  saving  of 
ftiel,  a  heat  of  grey  iron  was  now  puddled  by  the  machine  with  the 
same  amount  of  fuel  that  was  required  in  hand  puddling  for  a  heat 
of  only  common  forge  pig. 

Mr.  W.  Mathews  remarked  that  if  this  were  the  case,  and  if 
there  were  no  inconvenience  in  making  the  machine  as  strong  as 
might  be  found  necessary  to  ensure  its  durability,  there  appeared  no 
doubt  that  very  important  advantages  would  result  from  the 
substitution  of  the  machine  in  place  of  hand  puddling,  particularly 
in  rendering  the  masters  independent  to  a  great  extent  of  puddlers. 
The  application  of  mechanical  means  to  puddling  had  been  attended 
with  so  many  difficulties  that  it  had  not  been  practically  accomplished 
hitherto,  and  the  puddlers  had  thus  been  virtually  able  to  make 
their  own  terms  with  their  employers ;  and  how  the  latter  were  to 
get  out  of  this  difficulty  was  a  question  of  great  importance  at  the 
present  time.  The  extension  of  conmiercial  operations  had  far 
outstripped  the  increase  of  population,  and  he  therefore  did  not 
anticipate  that  the  introduction  of  puddling  machines  would  in  any 
material  degree  deprive  the  puddlers  of  employment ;  since,  notwith- 
standing the  extent  to  which  machinery  had  been  already  substituted 
for  manual  labour  in  all  branches  of  industry,  the  demand  for  lahonr 
was  as  a  rule  constantly  in  excess  of  the  supply.  He  accordingly 
ooked  with  a  great  deal  of  interest  on  the  puddling  machine,  as 


PUDDLING  MACHINE.  307 

tending  to  advance  the  social  condition  of  tlie  men  as  well  as  to 
solve  a  great  difficulty  for  the  masters,  and  should  do  all  he  could 
to  aid.  its  introduction  and  adoption  in  general  use :  and  he  intended 
to  take  an  early  opportunity  of  seeing  it  in  operation  at  the  works 
where  it  was  already  employed. 

Mr.  G.  Beabd  thought  the  mode  of  working  the  rabble  in  the 
puddling  machine  shown  in  the  drawings  was  by  too  rigid  a 
connection :  and  he  enquired  whether  any  difficulty  had  been  met 
with  on  that  account  when  the  puddler  happened  to  put  rather  too 
much  fettling  into  the  Aimace,  from  the  tool  disturbing  the  fettling. 
The  snccessfol  management  of  the  fettling  was  a  very  important 
elem.ent  in  the  working  of  puddling  furnaces,  that  the  iron  might 
not  be  put  in  the  furnace  before  the  fettling  was  properly  melted, 
and  that  the  fettling  might  not  be  disturbed  by  the  rabble  in 
working ;  since  if  any  of  the  fettling  got  into  the  iron,  it  could 
never  be  separated  from  it.  There  would  also  be  a  risk  he  thought 
of  a  rigid  tool  raking  the  iron  over  the  fore  plate  and  wasting  the 
metaJ,  which  would  not  be  the  case  with  a  more  elastic  tool  and  a 
man  guiding  it.  At  the  BrCgent  Iron  Works,  Bilston,  he  had  three 
of  Griffiths'  puddling  machines  at  work,  and  had  at  first  found  a 
difficulty  owing  to  the  rigidity  of  the  arm  working  the  tool,  which 
caused  the  tool  to  pull  out  the  fettling;  but  this  had  now  been 
overcome  by  using  a  lighter  suspending  hanger  for  working  the  tool, 
so  that  the  tool  travelled  only  the  required  length  of  stroke,  and  the 
elasticity  of  the  hanger  allowed  it  to  spring  a  Httle  at  either  end  of 
the  stroke  whenever  necessary ;  and  the  tool  was  moreover  guided 
by  a  man  during  the  whole  time  of  working. 

His  own  experience  of  the  results  of  puddling  by  machinery 
was  that  it  was  a  decided  improvement  in  all  respects.  The  first 
advantage  gained  was  that  the  quality  of  the  iron  made  was 
improved,  by  its  being  worked  with  much  greater  regularity  than  a 
man  could  work  it,  and  it  was  much  cleaner  by  the  time  it  was  ready 
for  balling  up.  Hie  had  found  the  iron  puddled  by  the  machine  was 
as  good  as  that  worked  by  hand  when  the  pigs  used  with  the 
machine  were  3s.  or  45.  per  ton  less  in  price  than  those  used  in  hand 
puddling.     Another  advantage  was   that  much  larger  quantities 

u  2 
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could  be  puddled  by  the  macbiiie  and  with  a  smaller  quantity  of 
coal :  at  his  own  works  tbe  quantity  of  iron  worked  by  each  of  the 
three  puddling  machines  was  6  cwts.  per  heat,  and  five  heats  per 
turn,  and  he  saw  no  reason  why  the  make  should  not  be  increased 
to  2  tons  per  turn  from  each  furnace,  by  working  larger  heats.  At 
present  however  the  men  got  out  the  iron  much  better  in  working 
6  cwts.  heats  than  they  would  do  with  heavier  charges.  The  rate 
of  wages  paid  to  the  men  was  the  same  with  the  machines  sa 
in  hand  puddHng. 

Mr.  "W.  Fisher  explained  that  in  the  machine  described  in  the 
paper  the  rabble  had  two  nicks  made  in  it  at  about  6  inches  distance 
apart,  either  of  which  could  be  slipped  over  the  pin  of  the  arm 
working  the  rabble,  according  to  the  distance  to  which  the  tool  was 
required  to  be  worked  in  the  ftimace.  On  first  starting  a  fresh  heat 
after  fettling  the  fdmace,  the  tool  was  first  worked  at  its  shortest 
length  by  means  of  the  inner  nick,  so  as  not  to  travel  so  fe-r  towards 
the  back  of  the  furnace ;  and  afterwards  it  was  changed  to  the  other 
nick  for  working  to  its  fall  distance  in  the  furnace.  There  was  no 
risk  of  the  tool  disturbing  the  fettling  in  working,  as  the  rabble 
merely  rested  loosely  with  its  weight  upon  the  bottom  of  the  furnace, 
just  the  same  as  in  hand  working.  A  great  deal  of  responsibility 
rested  upon  the  man  attending  to  the  machine,  as  regarded  the 
proper  condition  of  the  fettling,  and  great  care  was  necessary  on  the 
part  of  the  foreman  to  see  that  this  was  properly  looked  after.  The , 
furnace  should  be  well  heated  and  the  fettling  melted  and  well 
knocked  up  before  the  charge  was  allowed  to  be  put  in ;  for  if  the 
fettling  were  simply  thrown  in  and  not  properly  broken  up  and 
melted,  it  was  of  course  likely  to  get  mixed  with  the  iron  in 
puddling;  but  when  well  knocked  up  in  the  first  instance,  while 
hot  and  soft,  it  was  found  to  stand  as  well  as  if  it  had  been  laid  on 
with  a  trowel. 

In  reference  to  the  quantity  of  iron  in  the  charges,  they  had 

worked  6  cwts.  charges  with  the  machine  at  the  Wombridge  Iron 

Works  in  the  same  time  as  5  cwts.,  and  in  less  time  than  the  usual 

4  cwts.  heats  puddled  by  hand  labour ;  ^and  he  had  no  doubt  6  cwts. 

^ould  ultimately  be  reached  as  the  regular  charge  with  the  machines 
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wherever  they  were  employed.  At  first  there  had  been  a  diffictdty 
in  getting  the  men  to  work  more  than  five  heats  in  the  day,  and  they 
were  allowed  to  remain  at  that ;  bnt  when  one  man  had  succeeded 
in  working  six  heats  per  day  regularly,  the  others  wanted  to  get  as 
much  out  of  their  fiimaces,  and  found  they  could  readily  do  it ;  and 
six  heats  per  day  was  now  the  regular  make  of  each  of  the  ftimaces 
worked  by  the  puddling  machines.  He  should  be  happy  to  show 
the  working  of  the  machines  at  any  time,  as  they  were  in  regular 
work  every  day. 

The  Chaieman  proposed  a  vote  of  thanks  to  Mr.  Bennett  for  his 
paper,  which  was  passed. 


The  Meeting  then  terminated. 
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